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EDINBURGH MEETING 
August 8-15, 1951 


Never in the long history of the British 
Association has it been more truthfully 

ible for a chronicler to record the 
outstanding success of an annual meeting. 
Many factors assured this in advance : 
the choice of one of the great historic 
capitals of the world as a meeting place, 
the grace and beauty of the city of Edin- 
burgh, the friendliness of its people, its 
rich and living traditions of culture and 
learning, the spirit of proud retrospect and 
stocktaking inspired by the Festival of 
Britain, the promise of participation by 
as distinguished a number of scientists as 
ever occupied the Association’s plat- 
forms and, above all, the presence of 
H.R.H. The Duke of Edinburgh, as Presi- 
dent, during the first three days. At the 
close of the meeting the General Com- 
mittee sent the following message to the 
President : 


‘The 1951 meeting of the British 
Association in Edinburgh under the 
Presidency of your Royal Highness will 
take a sure place in the history of the 
Association as an event of exceptional 
distinction and brilliance. None present 
on the first days of the meeting could 
have failed to be stirred by a clear 
sense of great occasion, and under the 
impetus given by your Royal Highness 
our proceedings acquired a momentum 
which they never lost. All the members 
will count it a privilege to have wit- 
nessed the triumph of your Presidency.’ 


The meeting was attended by 4,012 
members, of whom about 57 per cent. 
were visitors and 43 per cent. were drawn 
from the region. Of those present at the 
meeting 3,336 were adults and 676 were 
student members. The visitors included 
many distinguished scientists from over- 
seas, among them about 50 invited guests, 
and the Association was honoured by the 
presence of representatives of Associations 
for the Advancement of Science in France, 
the United States, Australia, India, 
Pakistan and South Africa. The atten- 

ce constituted a record for ordinary 


meetings of the Association and, while 
this large number gave cause for satisfac- 
tion, it also produced a number of prob- 
lems and disappointments for individual 
members. ‘This was particularly so in 
the case of social functions at which 
numbers had to be limited and it was 
clearly impossible to meet the wishes of 
all the members. However, there was the 
usual wide range of choice in the pro- 
gramme and members were unfortunate 
indeed if they were unable to arrange a 
full time-table. 

The Sections received 334 communi- 
cations (not counting impromptu contribu- 
tions to discussions) on topics of current 
interest and importance and included 
some 20 critical reviews of a century 
of progress. The Sectional Transac- 
tions are summarised at the end of 
this volume which also contains a report 
of the Conference of Delegates of Corre- 
sponding Societies. 

There were three evening discourses, 
to which members of the public were 
admitted. They were given by Professor 
John Read on ‘ Alchemy and Alchemists,’ 
by the Very Rev. John Baillie on 
‘Natural Science and the Spiritual Life,’ 
and by Sir Edward Salisbury on ‘ The 
Contemplative Gardener.’ Each was 
heard by about 1,000 people. There was 
also an open session on World Communi- 
cations arranged by the Division for Social 
and International Relations of Science. 
Exhibitions were arranged by the Royal 
Society of Edinburgh, the Royal Medical 
Society, the local branch of the Science 
Master’s Association, the University 
Library, the University Anatomical 
Museum, Messrs. Bartholomew and the 
Ordnance Survey, the University Geo- 
graphical Society, and Messrs. Ferranti, 
and the members were again indebted to 
the University Films Council for a show- 
ing of scientific films. 

Twelve of the thirteen Sections arranged 
dinners and the Conference of Delegates 
met for lunch ; the Section of Engineering 
was entertained by the Governors of 
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Heriot-Watt College. All the members 
were invited by the Lord Provost, Magis- 
trates and City Council to a civic reception 
in the Royal Scottish Museum at which 
the President was present ; the University 
entertained over 600 members at a recep- 
tion in the University Library ; Scientific 
Societies in the region acted as joint hosts 
at a conversazione; the President and 
Council of the Royal Society of Edinburgh 
held a reception for 250 members in the 
rooms of the Society ; the President of 
the Royal Geographical Society enter- 
tained geographers at a garden party, and 
various groups of members were enter- 
tained at the Zoological Gardens and the 
Royal Botanic Gardens. 

The social functions also included three 
complimentary lunches: two in honour 
of H.R.H. The Duke of Edinburgh by 
invitation of the University (August 9) and 
the City (August 10)and one in honour of 
overseas guests and principal local officers, 
by invitation of the Council and Officers of 
Sections (August 14). 

St. Giles Cathedral was packed for 
divine service on Sunday morning when 
The Lord Provost and Sir Harold Hartley 
read the lessons and Professor Donald 
Baillie preached the sermon. Many who 
doubt the interest of scientists in religion 
would have been impressed by the sight of 
members of the Association who had been 
unable to obtain tickets for reserved seats 
queueing in the rain before the service 
began. 

‘Lhe programme contained 180 excur- 
sions and visits with 20,000 places which, 
in the event, exceeded the demand. They 
were admirably organised by local volun- 
teers and indifferent weather failed to mar 
the profit and enjoyment which they 
offered. 

The scientific sessions were held mainly 
in the buildings of the University but two 
Sections met in the adjacent Heriot-Watt 
College. The City’s Usher Hall was used 
for the three evening discourses and was 
also the scene of a memorable overflow 
meeting on the opening night as des- 
cribed below. The Reception Room and 
offices were conveniently situated in the 
University Union, with supplementary 
accommodation in the Women’s Union ; 
and the two thousand and more visiting 
members who required beds were accom- 


modated with comparative ease in a city 
organised to receive hospitably far greater 
numbers attending the annual interng. 
tional Festival of Music and Drama which 
opened on August 19. 

H.R.H. The Duke of Edinburgh pre. 
sided at meetings of the Council and of the 
General Committee on the afternoon of 
August 8 and was present at a tea party 
arranged for young chemists. Meanwhile 
the members in general attended to the 


business of registration in the Reception | 
Room. All members were presented on | 


arrival with a guide book and a Scientific 
Survey of South-East Scotland which 


worthily maintained the high standard 


set by previous Local Committees. 
The Inaugural Meeting was held in the 
McEwan Hall and was immediately pre- 


ceded by a Laureation Ceremony at | 


which H.R.H. The Duke of Edinburgh 
received the honorary degree of LL.D, 
The frontispiece gives a general view of the 
Hall and the names of those on the plat- 
form are given at the end of this narrative, 
In presenting His Royal Highness for the 
Degree, the Dean of the Faculty of Law 
said that the University was proud to have 
the privilege of enrolling another men- 
ber of the Royal Family as an honorary 
graduate and the gift now offered was 
no mere conventional symbol. 

The Most Hon. the Marquess of 
Linlithgow, Chancellor of the University, 
conferred the Degree and addressed His 
Royal Highness. 


In reply His Royal Highness said that ' 


he was honoured and proud to receive the 
Degree, which increased the close ties 
which already bound him to the city and 


which was also a mark of welcome to the | 


British Association. Having signed the 
Sponsio Academica he promised ‘ fidelity and 
all good service to the University.’ 

After the Laureation Ceremony the 
President took the Chair and_ the 


Inaugural Meeting began with speeches | 
of welcome by the Rt. Hon. James Miller, | 
Lord Provost of the city and Sir Edward | 


Appleton, Principal and Vice-Chancellor 
of the University. Sir Edward Appleton 
described the Association as a peripatetic 
University with but a single Faculty anda 
rather short term to which admission was 
not controlled by matriculation and which, 
like a University, had acquired in the 
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passage of the years its great figures, its 
traditions and its customs, its combination 
of learned age and exuberant youth and, 
no less frequently, its exuberant age and 
learned youth. 

The President then delivered his Ad- 
dress (The Advancement of Science No. 30, 
p. 99) on ‘The British Contribution to 
Science and Technology in the Past 
Hundred Years’ for which, on behalf of 
the vast audience in the McEwan Hall, in 
the Usher Hall, and by millions of wireless 
sets, Sir Harold Hartley thanked him in 
the following words : 

‘It is now my happy task, Sir, speaking 
on behalf of all those who have had the 
great privilege and pleasure of hearing 
your Address, to thank you for your most 
discerning survey and for your generous 
tribute to British science. Knowing so 
well the time, the care, the study and the 
thought that you have given to your 
Address) I am most happy that the 
honour should be mine of voicing the 
gratitude not only of our Association, 
but of the millions who have been listen- 
ing to your words. I well remember those 
early drafts written on the signal pads of 
the ship you were commanding, when you 
chose so boldly your vast subject. I hope 
that signal forms are always put to such 
good use and are the prelude to such 
successful ventures. 

‘If I may be permitted, Sir, on this 
occasion to bandy compliments with my 
President, may I say how much we have 
enjoyed the freshness and directness of 
your Address and your wise appraisal of 
the past. You may rest assured that we 
shall take to heart the lessons you have 
drawn and your challenge to science in the 
future. 

‘For the first time in its long history the 
British Association has as its President a 
serving officer of His Majesty’s Forces. 
When we read your Address, Sir, as we 
often shall, we shall like to think of its 
being written in the book-strewn cabin 
of the Captain of the Magpie on active 
service in the Mediterranean. I venture 
to think, President, that it was your 
detachment from the busy life of the town 
that helped to give your Address its 
qualities of phrase and thought that have 
the freshness of the sea. We have admired 

€ wide sweep of your reconnaissance and 
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the skill and accuracy with which you have 
charted for us the current of events and 
the courses of discovery. 

‘We are most proud and grateful, Sir, 
that you have graced our Presidency in 
this Festival Year which celebrates the 
creative vision of your great ancestor, and 
when we meet in this historic city whose 
name you bear. All this with your 
Address will make this meeting a land- 
mark, or I would rather call it in your 
seaman’s language, a leading mark in our 
annals. 

‘ At the start of your Address you told 
us that ‘ you had come to the conclusion 
that it was as an outsider, as a layman 
so to speak, that you could be of use to the 
Association and to science.’ I know I 
shall be voicing a thought that is in the 
minds of us all to-night in saying that the 
great interest and the understanding of 
science that you have shown in your 
Address encourages the hope that we may 
look to you in future, as our forebears 
looked to the Prince Consort, for leader- 
ship and help. May we look on you, Sir, 
in future, as the Patron of Science : just 
as Her Royal Highness The Princess 
Elizabeth by her gracious patronage of 
the Arts and Medicine has done so much 
to advance their cause. 

‘And now we must not forget that 
there is another great audience waiting in 
the Usher Hall. True for the first time, 
thanks to the enterprise of thé Principal, 
they have been able to watch as well as 
hear their distant President. But now they 
are eagerly awaiting his arrival so that 
they can add their thanks to our own. And 
so, President, speaking in the name of all 
those here and with all sincerity I say 
once more—we thank you.’ 

At the close of the proceedings in the 
McEwan Hall the President and other 
principals visited the Usher Hall where 
Sir John Russell had presided over an 
audience of about 2,500 people who had 
watched the proceedings by television 
and taken part in a successful experiment 
which had several unique features. It was 
the first demonstration of television using 
a large screen (16 ft. by 12 ft.) north of 
London, the audience was the largest 
single audience so far to view on a large 
screen, and it was the first occasion on 
which a public audience had viewed on a 


253 


ty | 
er 
la- 
ch 
he | 
of 
rty 
ile 
he 
on 
on 
ific 
ch 
ard 
he 
re- 
at 
rgh 
.D, 
the 
lat- 
ive, 
the | 
aw | 
ave 
Pm- 
ary 
as 
of 
ity, 
His 
hat 
the | 
ties | 
and 
the 
the 
and 
the 
the | 
ches 
iller, 
ard 
ellor 
leton | 
tetic | 
nda 
was 
hich, 
the 
|| 


The Edinburgh Meeting 


large screen television using a radio link 
between the transmitting and receiving 
ends. 

The proceedings of the Sections opened 
on Thursday, August 9, and the President, 
accompanied by Lieut. Michael Parker 
and Officers of the Association visited 
most of the Sections in session during 
Thursday and Friday mornings. His first 
visit was to the Section of geography 
where he opened the 100th annual session 
of the Section. He said that geography 
embraced some subjects such as hydro- 
graphy, navigation survey and weather 
conditions which were connected with his 
own profession and the Section had had 
many exponents of these subjects. Despite 
tremendous advances in exploration and 
other branches of geography, he thought 
that perhaps the biggest achievement in 
the subject during the past century was 
the diffusion of geographical knowledge, 
through all its branches, by professional 
geographers whose numbers had greatly 
increased : and there were many who 


thought that geography had not even yet 
taken the full place it deserved in educa- 
tion for ‘to know as much as we can 
about the world and its people is more of 
a man’s duty even that it was a century 
ago.’ Hesuggested ‘ getting to know about 
each other’ as a plausible definition of 
geography. 

The President also found time to meet 
student exhibitioners at a tea-party in 
the Women’s Union on August 9. He 
addressed the students and _ presented 
cheques to the winners of Endeavour 
Prize Essays. 

The proceedings of the meeting were 
well reported in the press and by radio 
during the week and subsequently in 
Nature, Discovery and other journals. 

At the end of a historic week the General 
Committee passed a resolution of warmest 
thanks to all in the region who had done 
so much to ensure the success of the meet- 
ing which was justly acclaimed as one of 
the most outstanding in the long history 
of the Association. 


KEY TO FRONTISPIECE 
(See page 250.) 


Platform (reading from left to right) : 


Standing, His Royal Highness The Duke of Edinburgh, President. 


Front row : 


The Secretary to the University ; Lord Cooper ; Lord Rosebery 


; The Sheriff of the Lothians ; Lieut. 


Michael Parker ; Sir Edward Appleton; Sir Harold Hartley (hidden) ; The Lord Provost ; Lord 


Linlithgow ; Very Rev. Principal John Baillie (Dean of the Faculty of Divinity) ; Professor M. G. Fisher 
(Dean of the Faculty of Law) ; Professor Sir Sydney Smith (Dean of the Faculty of Medicine) ; Professor | 
W. H. Bruford (Dean of the Faculty of Arts) ; Professor R. N. Arnold (Dean of the Faculty of Science) ; 
Professor S. T. M. Newman (Dean of the Faculty of Music) ; Professor E. D. Adrian (President of the Royal | 
Society). 

Second Row : 

Sir Andrew Murray ; Professor Sir Alexander Gray ; Professor J. P. Kendall ; Professor Sir Godfrey 
Thomson ; Sir Richard Gregory ; Sir Henry Tizard ; Dr. Edward Hindle ; Sir Richard Southwell ; The 
Vice-President of the Royal College of Surgeons ; The President of the Royal College of Physicians; 
Professor A. V. Hill ; Sir J. Mackay Thomson ; Sir David Brunt. 


Third Row : 

Professor John Read ; Sir Edward Salisbury ; Lord Mackintosh ; Sir Ernest Wedderburn ; Professor 
Emeritus R. W. Johnstone ; Mr. T. J. Robinson ; Professor H. Le May ; Professor P. C. Mahalanobis; 
Dr. W. A. Fleming ; Mr. T. J. Carlyle Gifford. 


Fourth Row : 

Professor A. D. Ross ; Dr. J. Verne ; Dr. Hans Clarke ; Dr. L. H. Farinholt ; Professor W. B. R. King ; 
Dr. C. F. A. Pantin ; Professor W. Brown ; Professor C. A. Mace ; Professor H. P. Gilding ; Sir Cyril 
Fox ; Sir Claude Gibb ; Professor R. G. Hawtrey. 

Fifth Row : 

Sir Hector Hetherington ; Dr. E. M. Crowther ; Dr. D. A. Allan ; Professor E. P. Stebbing ; Professor 
Wm. Oliver ; Rev. Professor W. Manson ; Professor A. G. Ogilvie ; Rev. Professor J. H. S. Burleigh ; 
Professor G. F. Marrian ; Professor L. S. P. Davidson ; Professor W. M. H. Greaves ; Professor Max 
Born ; Professor James Ritchie ; Professor H. H. Monteath ; Professor John Orr. 
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THE BIOLOGICAL EFFECTS OF RADIATION’ 


by 


B. C. KILKENNY 


RaDIATION, whether in the form of electro- 
magnetic waves, acoustic waves, or a 
stream of particles, consists in the trans- 
ference of energy over a distance, and it is 
by the absorption of such energy that 
radiation produces its biological effects. 
These effects consequently depend upon 
the size of the energy quanta absorbed. 
Thus electromagnetic radiation of com- 
paratively long wavelength, particularly 
the Hertzian, microwave and _ infra-red 
regions of the spectrum, gives rise to 
mainly thermal effects, whereas radiation 
of shorter wavelength and particle radia- 
tion produce chemical effects, such as 
photosynthesis, polymerisations, and mole- 
cular rearrangements. These often involve 
complex sequences of reactions the pri- 
mary process of which may be either the 
excitation of molecules to unstable energy 
levels (near and far ultraviolet), ionisation 
by the ejection of valence electrons 
(extreme ultraviolet), or the ejection, from 


an inner shell, of high speed electrons. 


which lose their energy by the production 
of ion pairs along their paths (ionising 
radiation). 

Sunlight is the only form of radiation 
which is normally encountered by living 
organisms. ‘True, all living matter is 
constantly subjected to irradiation by 
cosmic rays and local radioactivity, but 
only at such low intensities that their effect 
isnegligible. All other forms of radiation 
must be produced artificially before their 
biological effects can be studied. 

The thermal effects of long wave 
radiation are to some extent familiar to 
everyone. For example infra-red rays 
are the most commonly encountered form 
of heat radiation. Thus in mild doses 
exposure of cells to these rays has no 
permanent effect, though in large doses 
it will result in the coagulation of proteins, 


‘Essay awarded First Prize, Endeavour Essay 
Competition, 1951. 


etc., and eventually in the charring of 
cellular material. Again, infra-red rays 
are used in diathermy treatment to pro- 
duce localised heating of deep-seated 
tissue. Similarly the physiological effects 
of longer waves are due to the excessive 
heating of small areas of tissue surface that 
the radiation causes, so that those parts of 
the body which cannot be cooled by the 
bloodstream are the most sensitive. Salis- 
bury, Clarke and Hines [1949] have shown 
that microwaves of 10 cm. can produce 
cataracts in the lens of the eye even more 
readily than ultraviolet or x-rays. 

With electromagnetic radiation of shorter 
wavelength, however, any thermal effects 
are insignificant compared to the chemical 
effects which are produced. In the visible 
and near and far ultraviolet regions these 
effects are due to photochemical reactions 
occurring in cell material. The first stage 
of this process is the excitation of a mole- 
cule by the absorption of a quantum of 
energy. Such a molecule may then either 
take part in a chemical reaction or lose its 
energy by fluorescence, re-emission, photo- 
sensitisation, or by dissipation in subse- 
quent collisions. 

It is possible to gain some idea of which 
molecules are responsible for the absorp- 
tion of the energy quanta from the nature 
of the action spectrum which gives the 
wavelengths and relative intensities of any 
radiation which is being absorbed. Ideally 
the absorption spectrum of such molecules 
and the action spectrum will be exactly 
similar, but in practice perfect agreement 
is rarely found. Nevertheless in many 
cases it is possible to obtain definite 
information, and the antirachitic action 
of sunlight has in this way been shown to 
be due to the photochemical actionof the 
sterols (Glasser, 1944). 

In some cases the molecule which 
absorbs the radiation does not actually take 
part in any subsequent reactions but merely 
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acts as the means whereby the radiant 
energy is trapped and made available 
to the reactants. These cases are known 
as sensitised photochemical reactions. 

Many biological reactions are sensitised 
by the introduction of fluorescent dyes 
such as eosin, rose bengal, and methylene 
blue. But more important than these, 
perhaps the most important sensitised 
photochemical reaction which can take 
place in living cells, is photosynthesis. 
By this process plant cells and certain 
forms of algae and bacteria are able to 
metabolise carbon dioxide and water. 
The overall effect is to convert the carbon 
dioxide and water into carbohydrate, 
subsequently incorporated into the cell 
structure, and oxygen, which is liberated 
to the atmosphere. In this way the waste 
products of animal life are converted back 
into food. The details of the process, 
however, have until recently been obscure. 
It now seems clear that photosynthesis is 
an oxidation-reduction reaction between 
carbon dioxide and water (Rabinowitch, 
1945). The carbon dioxide is reduced to 
an aldehyde group and the water is 
oxidised to oxygen. This scheme is in 
keeping with the fact that the transfer of 
hydrogen atoms from molecule to mole- 
cule has emerged as the most elementary 
act in the mechanisms of those biological 
oxidation-reductions which have so far 
been elucidated. 

The photocatalyst in photosynthesis is 
chlorophyll. Chlorophyll is necessary 
even in those cases in which light is effec- 
tively absorbed by other pigments such 
as xanthophyll and phycocyanin. All 
attempts to reproduce photosynthesis in 
vitro have up till now been unsuccessful. 
A claim has recently been made by Baur 
(1943), but the method has been examined 
by Linstead, Braude and Timmons (1950), 
who find the evidence to be inconclusive. 

Most of the effects of sunlight such as 
sunburn and skin sensitisation generally 
are caused by the action of ultraviolet 
light, which ranges from the borderline 
of the visible to the beginning of the x-ray 
region, and which has been most ex- 
tensively investigated in the abiotic region 
(1900A-3000A). In the near and far 
ultraviolet regions these effects are due to 
molecular activation, but in the extreme 
region they are more likely to be caused 


by ionisation processes. It is often diff. 
cult to decide in any particular instance 


to what extent each of these processes is | 


responsible for a given phenomenon, 
This is because the phenomena observed 
are so complex. A living cell may be 
affected at the surface, in the cytoplasm 
and in the nucleus, or it may be involved 
as a whole. Thus the permeability and 
viscosity of cells may be altered, their 
respiration stimulated or inhibited and 
growth retarded, and cell division ma 
cease altogether (Biese, 1950). Various 
chromosome abnormalities are also seen 
such as clumping, thickening, and exces 
sive chromatin elimination, as well as a 
thickening of the nuclear membrane, 
The production of biochemical mutants 
in single-celled micro-organisms has often 
been reported (Lederberg, 1949), but in 
some cases the stability of these mutants 
has been questioned and the suggestion 
made that the effect of the radiation is not 
to alter the genetic structure of the cell, 
but merely to impair the efficiency of some 
metabolic processes. (Dean & Hinshel- 
wood, 1951.) 

As far as molecular excitation is con- 


cerned absorption by proteins and nucleic | 


acid plays the main role. Action spectra 
indicate that the groups which actually 


absorb the radiation are the tyrosine and 
tryptophane parts of the molecules. Ab- | 
sorption by these could perhaps result in 
the splitting of some bond in the protein, 
and if this does occur it would most likely 
be a peptide bond since this is weakest. 
In keeping with these ideas evidence has 
been presented for polymerisation of | 
protein radicals after ultraviolet exposure 
(Roberts, 1949), and it is suggested that 
oxidations occur as well. 

The biological phenomenon most readily 
interpreted on this basis is the sensitisa- 
tion of cells to heat by a prior exposure 
to ultraviolet rays. This is not a mere | 
additive effect ; a heat treatment that, on 
its own, has a negligible action to the 
cells may, when applied after irradiation, | 
damage them extensively. The action 
spectrum has been determined and found | 
to resemble that of an unconjugated 
protein like globulin or albumin. It is the | 
behaviour of molecules like these upon | 
irradiation, therefore, that is probably 
responsible for the effect. 


— 
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Nucleic acid absorbs ultraviolet light 
even more effectively than do proteins, 
and in consequence cell nuclei, and in 
particular the chromosomes, are exceed- 
ingly sensitive to this radiation. The 
specific absorption by nucleic acid is due 
to the chromophores in the purines and 
pyrimidines, and it is the proportionately 
greater content of these chromophoric 
units compared to that of the chromo- 
horic units in proteins which confer on 
nucleic acid its greater capacity to absorb 
ultraviolet light. It is thought that ribose 
nucleic acid is less sensitive to these 
radiations than deoxy ribose nucleic acid, 
the former undergoing polymerisation and 
the latter photodecomposition. Since the 
deoxy acid is considered to be the seat of 
the unchanging hereditary characters of 
cells (Caldwell & Hinshelwood, 1950), 
this might explain the mutagenic pro- 
perties of ultraviolet rays. 

The injurious effects of ultraviolet light 
may be reversed by visible light, a 
phenomenon known as photoreactivation. 
There is a considerable increase in the 
survival of irradiated cells after light 
reactivation as compared with survival 
in the dark, and the capacity for reactiva- 
tion decreases rapidly after the irradiation 
has ceased. Since it is unlikely that 
visible radiation can provide energy 
quanta large enough to restore a peptide 
bond once broken, this suggests that the 
primary effect of the radiation is more 
reversible than bond rupture. This idea 
is contained in the theory that when 
bacteria are irradiated with ultraviolet 
light a poisonous substance is produced in 
two forms, one of which is light labile and 
the other light stable. If the irradiated 
bacteria are stored in the dark, the light- 
labile poison forms a light-stable poison 
and photoreactivation is no longer possible, 
resulting in death. 

Such theories imply that free radicals 
underlie the changes produced by ultra- 
violet rays. It is known that ultraviolet 
radiation of short wavelength may produce 
hydroxyl radicals from water directly, and 
the oxidation of protoplasmic molecules 
such as proteins by these radicals is now 
suggested as the basis for ultraviolet action. 

again stresses the importance of 
hydrogen atom transfers in _ biological 
reactions. Hydrogen peroxide, which is 
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normally produced by hydroxy] radicals in 
water, cannot be responsible for any 
ultraviolet effects for it is rapidly decom- 
posed by such radiation. This has been 
shown by Dainton (1948) who investigated 
the effects of ultraviolet light on water in 
vitro. 

The concept of the oxidative alteration 
of proteins and amino acids as the under- 
lying change is supported by the fact that, 
in the case of x-rays, enzyme inactivation 
following small doses can be reversed by 
a reducing agent such as glutathione. 

It is not suggested that the effects of 
ultraviolet radiation are due solely to such 
free radicals as are directly produced. 
Rather it is thought that oxidation, in the 
broadest sense, of proteins and other 
compounds is only the initial and revers- 
ible effect. With continued irradiation 
changes other than oxidation, for example 
the cleavage of peptide bonds followed by 
denaturation and flocculation, may occur 
as they do in proteins in vitro. It is 
significant that photoreactivation is never 
complete and in cases of excessive ex- 
posure does not occur at all. 

Since ultraviolet radiations are present 
in sunlight and are so exceedingly muta- 
genic, photoreactivation must play a large 
part in protecting living matter from 
undue mutational stress. The visible 
spectrum in sunlight probably acts as an 
antidote to the accompanying ultraviolet. 

In contrast to the behaviour of the ultra- 
violet region, radiation of shorter wave- 
length and particle radiation produce 
their effects entirely by ionisation pro- 
cesses, being therefore known as ‘ ionising 
radiation.” The effects of all kinds of 
ionising radiation, x-rays, gamma rays, 
alpha and beta rays, and protons and 
neutrons are very similar, and _ their 
individual efficiency may be compared 
by expressing the amount of radiation 
applied to a given system in roentgen 
units, which are a measure of the amount 
of ionisation that is produced in a given 
volume of air. The intensity of cosmic 
rays at sea level corresponds to about one 
ten-millionth of a roentgen unit per 
minute, compared with the accepted 
tolerance dose for x-rays of 0-1 roentgen 
units per day. The biological effect of 
such cosmic rays as are normally en- 
countered are therefore negligible. 
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Perhaps the most fundamental effects at mitosis since it has no place for the | sym 
of ionising radiation are upon genetic attachment of a tractive fibre. Thus it | radi 
material. These may be of two kinds: fails to be incorporated into either | com 
they may be either gene mutations or daughter nucleus. On the other hand | conc 
chromosome rearrangements. A muta-_ the overprivileged part with two centro. St 
tion, of course, may occur from other meres (dicentric) is pulled in two opposite | not 
causes than radiation, and in fact only directions at once, and either again faik | radi 
means a rearrangement or alteration of to be transported at all or else forms a part 


the molecular structure of the gene itself. bridge between the two daughter nuclei, | alter 
Exposure of living matter to radiation which often kills both cells. respi 
results in a whole range of different kinds It can easily be shown that the produc- | Whi 


of mutations which are permanent and tion of more than one breakage in a to at 
inherited. The frequency of these muta- chromosome can produce similar pheno. sickr 
tions depends upon the total amount of mena, or else the actual transference of a to c 
radiation received and not upon how the _ piece of one chromosome to another. gene 
dose was distributed in time, so that within In addition to external influences the | ages, 
wide limits ionising radiation of any kind condition of the chromosomes themselves | eno 
has the same effectiveness, dose for dose. affects their susceptibility to radiations, direc 
Since the mutations produced in the germ Furthermore, the most susceptible con- | by « 
cells of multicellular organisms are in- dition is just before mitosis when the | radi: 
herited, estimations can be made of the chromosomes are in the form of a tight | _ nucl 
overall detrimental effect of a specific dose _ coiled spiral, for then breakage is easy and } cyto} 
of radiation, such as might be received restitution difficult. Hence more rapidly | of t 
during the course of ordinary medical growing tissues, in which more mitoses | may 
treatment in one person’s lifetime, upon are taking place, are more susceptible to | Neve 
the present and subsequent generations, radiation than less rapidly growing ones. | as st 
and in this way tolerance doses have been For example embryos are more susceptible | othe 
decided. than differentiated organisms, and young | since 
Mutations in the somatic cells of the growing organisms are more easily | fund 
body may produce more immediate effects. damaged than older ones. In the already | some 
For example mutant cells may arise with differentiated organism those tissues in | repai 
more favourable growth characteristics which there is more active cell division | the c 
than their neighbours, which they there- are damaged preferentially. These in- | have 
fore outgrow. If such cells then multiply clude the skin, hair follicles, blood forming | dam 
indefinitely as a result of having become cells (both those of the marrow and those | _Th 
relatively insensitive to the controlling in the lymph glands), cells of the repro- | _ lying 
influences of the body, the result will be ductive organs, and tumours, especially | 
a malignant tumour, or in the case of the malignant ones. The damage to blood | 
white blood cells leukaemia. cells probably underlies most physiological | _ sensi 
The second effect of ionising radiation effects observed, from mild cases of nausea know 
on the genetic material of a cell is to break to the more extreme cases of radiation tion 
the chromosomes. When a chromosome _ sickness. suger 
is broken, the broken ends are able to This theory has found support from | the i 
reunite if they come into contact with one several sources. Koller and Smithers | path 
another, and in the resting phase, when (1946) found that the damaging effect of | 1 
the chromosome is in its long-drawn-out radiation on cancer can be increased ifa in vit 
stage, this often happens. But if the small preliminary dose is given first which gen z 
chromosome is broken shortly before it is able to check the mitoses, and later, | 
is duplicated prior to mitosis, a linkage when there is a high percentage of cellsin | mole, 
between each portion and its duplicate is the mitotic stage, a stronger radiation 8 and 
more likely than the restoration of the applied. _— throu 
original chromosome structure. In_ this If these chromosome rearrangements are | _ kinds 
way two new chromosomes are formed, to be termed secondary to the breakages, | effect 
one carrying two centromeres and the then the injuries resulting from the that 
other none. The piece with no centro- rearrangements are tertiary at least. It | actioy 
mere (acentric) will fail to be transported is not therefore surprising that such | mole 
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symptoms as inflammation, loss of hair, 
radiation sickness, etc., should show 
complicated relationships to the types and 
conditions of treatment. 

Such alterations to genetic material do 
not comprise all the effects of ionising 
radiation, and it is often difficult in any 
particular instance to decide whether such 
alterations or other more direct effects are 
responsible for the phenomenon observed. 
Whilst it is possible, at least theoretically, 
to account for such symptoms as radiation 
sickness, and in particular symptoms due 
to changes in the blood, on the basis of 
gene mutations and chromosome break- 
ages, the evidence is by no means strong 
enough to exclude the possibility of a more 
direct action. Thus mitosis is inhibited 
by chemical agents as well as ionising 
radiation. Similarly the swelling of the 
nucleus, the increase in viscosity of the 
cytoplasm, and the greater permeability 
of the cell membrane after irradiation 
may be due to non-genetic causes. 
Nevertheless, although genetic material 
as such is no more susceptible than any 
other of the intra-cellular structures, yet 
since this material is the site of so many 
fundamental cell processes, and since, in 
some cases at any rate, autosynthetic 
repair is impossible, any damage which 
the chromosomes and genes undergo may 
have an effect out of all proportion to the 
damage itself. 

The physicochemical mechanisms under- 
lying these changes are not at all clear. 
The earliest theory postulated that the 
radiation scored a direct hit on some 
sensitive target area, but a more detailed 
knowledge of the nature of ionising radia- 
tion and its effects on non-living matter 
suggest that the biological action is due to 
the ions and free radicals produced in the 
path of the penetrating particle or beam. 
The chemical effects on aqueous solutions 
in itro are thought to be caused by hydro- 
gen atoms and hydroxyl radicals resulting 
fom the primary ionisation of water 
molecules (Weiss, 1947; Allen, 1948), 
and since water is universally present 
throughout the body these may be the 
kinds of ionisation which are biologically 
effective. Furthermore, despite the fact 
that ultraviolet light precludes the inter- 
action of hydroxyl radicals and water 
molecules to form hydrogen peroxide, this 
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substance being decomposed by these rays, 
it seems clear that peroxides generally play 
an important part in any scheme which is 
to account for the effects of ionising 
radiation. 

More specifically, enzymes are inactiv- 
ated and proteins denatured and polymer- 
ised. In this connection Barron (1949) 
has studied the inactivation of sulphydryl 
groups and enzymes containing them. 
The sulphydryl group and these enzymes 
are inactivated in vitro by hydroxyl 
radicals and hydrogen peroxide, both 
when these are produced chemically and 
by irradiation. Barron has further found 
that when the sulphydryl groups of such 
enzymes are protected from these agents 
in some way, such as mercaptan formation, 
the inhibition upon irradiation no longer 
takes place. 

It is implicit in the above theories that 
the effects of ionising radiation are due to 
alterations in the structure of some of the 
cell components, most frequently the 
nucleoproteins which comprise the genetic 
material. Recently it has been suggested 
that ionising radiation can also act in a 
dynamic way, actually affecting reactions 
while they occur in the cell. It is thought 
that in some cases the free radicals 
initially produced may persist in the cell 
to bring about a gradual degeneration of 
its metabolism and eventually the com- 
plete disruption of its organisation. An 
example of this was given at the Ciba 
conference in London this year, which 
attempts to account for those deaths that 
occur up to five years after irradiation 
from atomic explosives where the only 
observable effect is a slight swelling of the 
somatic cells of the body. The suggestion 
is that the radiation acts here in a dynamic 
way by the production of free radicals 
which alter the relative rates of the 
reactions which are responsible for citrate 
and acetate metabolism, catalysing some 
and inhibiting others. The cause of 
death would consequently be the virtual 
starvation of the component cells of the 
body. 

A further type of radiation of biological 
interest is the ultrasonic region of the 
acoustic spectrum. The effects of this 
radiation are mainly of three kinds, 
mechanical, due to the intrinsic character 
of ultrasonic waves, thermal and chemical. 
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In large doses these effects are detrimental, 
but in smaller doses ultrasonics may be 
used therapeutically, for example in 
diathermy treatment, and an investigation 
of the action upon malignant tumours is 
in progress at the Mayo foundation in 
America. 

Unlike electromagnetic waves, sound 
waves of all frequencies require a material 
medium for propagation and the velocity 
of propagation depends upon this medium. 
Moreover, whereas electromagnetic waves 
are transverse, sound waves are longi- 
tudinal, so that the elementary particles of 
the propagating medium are vibrating in 
paths parallel to the direction of the waves, 
giving rise to great variations of pressure. 
These may be as large as several atmo- 
spheres. Low pressure troughs may create 
small areas of virtual vacuum (cavitations) 
which cause violent explosions in minute 
volumes of the propagating medium so 
that animal tissues are literally torn to 
pieces. This may be observed if living 
cells are examined under the microscope 
during ultrasonic irradiation. 

As regards thermal effects, the source of 
heat is due partly to the absorption of 
sound energy, and partly to the friction 
accompanying mechanical forces. On the 
other hand chemical effects are due to 
oxidation reactions. These are initiated 
by molecules which are dissociated by the 
explosive forces arising with cavitations. 
Depolymerisations and the liquefaction of 
thixotropic gels have also been reported. 
Observers who have accidently placed 
their fingers in the ultrasonic field have 
experienced dizziness and unusual fatigue. 

The term ‘ultrasonics’ is sometimes 
used interchangeably with. ‘ supersonics.’ 
The convention has now been adopted 
that this latter term be used only to 
indicate velocities greater than those of 
sound. The present enthusiasm in ultra- 
sonics is, of course, largely due to the 
recent achievement of supersonic speeds in 
the air. 

From this brief survey of the biological 
effects of different kinds of radiation one 
point stands out above all others, namely 


the importance of sunlight to life on this 
planet. Whereas other forms of radiation 
are mostly harmful in their short and long 
term effects, sunlight is responsible for 
many essential physiological processes and 
environmental factors which are almost 
taken for granted, quite apart from other 
merely beneficial effects. Thus, but for 
the radiant energy of the sun, photo. 
synthesis would be impossible. Again, 
the advantage to general health is never 
questioned. If the injurious effects of 
say, ionising radiation, to which a living 
organism is never normally subjected 
unless the radiation is artificially produced, 
are contrasted with the constructive 
effects of sunlight, some idea may be 
gained of the complexity of those relation- 
ships which must underlie the casual 
harmony of nature. In fact sunlight 
itself, which can also be destructive if 
taken in excess, is only a subtle blend of 
various radiations in the right intensity. 

There are many cases where man has 
intervened to alter naturally occurring 
processes for some temporary gain, only 
to find the overall effect more harmful 
than the temporary gain beneficial. Ap- 
plications of artificially produced radiation 
may prove to be no exception. 
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THE SCOTTISH SCENE 


by 
Dr. DOUGLAS A. ALLAN 
PRESIDENT OF THE CONFERENCE OF DELEGATES 


Tue natural foundation to the study of any 
scene is the rocks from which it was hewn, 
and in the case of Scotland they are a very 
varied, and most interesting assemblage. 
As far as the mainland is concerned, Scot- 
land, like Caesar’s Gaul, is divided into 
three parts—the Highlands of the north, the 
Midland Valley, and the Southern Uplands 
—each with its peculiar association of rocks 
yielding a characteristic type of scenery, but 
extension of the survey to the islands of the 
western seaboard reveals the need for yet 
a fourth zone. As this review is con- 
cerned with Scotland as the home of the 
present flora and fauna, in the widest 
sense of both, there is no necessity to 
plumb the depths of remote geological past, 
and a suitable starting point need go no 
further than the Recent Ice Age, when 
the region was a rocky north-western out- 


_ post of the continent of Europe, with which 


. itwas intermittently connected as the land 


and sea rose and fell. ‘The major features 
of the scenery were by then largely 
determined, dependent upon the dis- 
tribution of rock types and the structures 
in which they were involved. 

North of a line joining the Clyde estuary 
with Stonehaven of to-day stretched a 
wide area, mainly of metamorphic and 
igneous rocks, often implicated in steep 
flexures and overfolds, and ranging from 
the oldest formation, the Lewisian gneiss 
of the north-west coast and the Outer 
Hebrides, through often horizontally 
bedded Torridonian Sandstone and Cam- 
brian Quartzites to the Moine and Dal- 
tadian Schists, which stretch south to the 
Highland Border, there to be fringed by 
minor outcrops of Cambrian, Ordovician, 
and Silurian limestones, shales, grits, and 
other sediments. The vast extent of 
gneiss and schist is a prominent mass of 
tough and resistant rocks, penetrated far 
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and wide by granitic and other intrusions, 
often of a boss-like shape. The grain of 
the rocks in this area is predominantly 
north-east— south-west, the Caledonian 
folding of geologists, and following this 
trend there are notable fracture or fault 
lines, of which the Moine Thrust Plane, the 
Great Glen Fault, and the Highland Boun- 
dary Fault are major examples, shown 
upon the accompanying geological map. 

The Midland Valley, to the south, con- 
sists of a thirty-mile-wide hollow, running 
from the estuary of the Clyde to those of 
the Forth and the Tay. It is also a geo- 
logical basin, its nether portion of Lower 
Old Red Sandstone rising to the surface 
along the flanks to the north-west and 
south-east, while the central area is in the 
main occupied by the overlying Upper 
Old Red Sandstone and Carboniferous 
succession, the latter carrying valuable 
seams of coal, ironstone and limestone. 
Volcanic episodes associated with these 
rocks are represented by wide sheets of 
lava flows, many of them erupted at the 
surface from roughly circular necks, now 
remaining as cylindrical plugs of hard 
‘whinstone,’ and similar sheets—sills— 
intruded subterraneously along the bed- 
ding planes of the sediments. Although 
considerable variety is to be seen among 
these manifestations of igneous activity, the 
commonest product was the blue, black, 
or grey compact rock styled basalt or 
andesite. While the Old Red Sandstone 
rocks display the Caledonian orientation 
of the older series, the earth movements 
to which it is due occurring towards 
the close of that epoch, the younger 
Carboniferous beds show more variation, 
the buckling which affected them giving 
rise to domes and basins, sometimes with 
a north-south axis, sometimes following 
the earlier north-east-south-west line. 
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A northern continuation of the Old Red 
Sandstone and possibly later rocks occurs 
in the coastal areas around the Moray 
Firth, covering the north-eastern ex- 
tremity of the mainland, and constituting 
most of the Orkney Islands across the 
Pentland Firth. In contrast to the steeply 
folded basement rocks, which they overlie, 
the sandstones and shales of the Old Red 
Sandstone stretch undisturbed and almost 
horizontally for many miles. To the 
north-east, the Shetland Islands present a 
totally different appearance, being carved 
from a northern extension of the highly 
plicated schists of the Aberdeenshire and 
neighbouring coasts. 

The Southern Uplands are formed in 
the main of a highly folded series of 
Ordovician and Silurian sandstones, grits, 
slates, and limestones, with a certain 
amount of interbedded lava flows, all of 
an age between the youngest of the 
Grampian rocks and the oldest of the 
Midland Valley succession, which overlap 
upon them in places. Like the Highland 
schists on the far side of the Midland 
Valley, the beds in this region display 
folding with a strong north-east-south- 
west orientation, which characterises as 
well the group of fractures, the Southern 
Uplands Fault, marking its north-west 
boundary. In some places, especially in 
the south-west, the flexured sediments are 
truncated by boss-like masses of granitic 
character. Around the Solway, valleys 
and hollows have been filled with a later 
group of but little tilted, reddish sand- 
stones referred to the New Red Sandstone, 
which succeeded the Carboniferous. 

To the west, among the Hebridean islands 
of ancient Lewisian gneiss, are other areas 
of totally different composition, structure, 
and age. In Skye, Mull, and Ardna- 
murchan are relics of the great Tertiary 
volcanic period, when sheets of basalt 
lavas amounting to several thousands of 
feet in thickness poured over much of 
north-western Britain, the Faroes, and 
Iceland, lying to this day in relatively 
undisturbed condition, although injected 
from below by immense intrusive masses 
tanging from pale-coloured granite to 
dark-hued gabbro. 

Out of this very diverse assemblage of 
tock types and rock structures, a land of 
high relief, with mature mountain masses 
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and deep valleys, had been carved by the 
ordinary processes of subaerial denudation 
during the thirty-seven million years 
which elapsed between the latest Tertiary 
volcanic outbreaks and the deteriorating 
climate which heralded the Quaternary 
Ice Age. For nearly a million years 
Scotland was shaped by glaciers, some 
originating in the mountainous massif of 
the Highland zone and some in the 
Southern Uplands. 

During the closing stages of the Ice Age 
and after its passing, rain, running water, 
and wind transported the smaller debris 
farther afield, with a natural trend down- 
ward into the valleys, while the larger 
blocks were left behind, often in curiously 
precarious positions. The exposure of the 
finer detritus to wetting and drying, and 
to varying temperatures, stimulated chem- 
ical reactions, many of which resulted in 
the production of more readily soluble 
materials of prime importance to the 
support of the vegetation which, en- 
couraged by the bettering climate, ad- 
vanced from the unglaciated south on a 
British Isles region which was merely a 
north-western promontory in direct land 
connection with the rest of Europe. To 
judge from present-day analogies in 
northern Eurasia and the Canadian 
Arctic, the van of the returning flora was 
doubtless led by mosses and lowly plants, 
some of which in their dying provided 
layers of peat, entombing vegetable re- 
mains such as pollen grains, from which 
a fairly accurate picture of the times can 
be drawn. First came the stunted wil- 
lows and then a wide deployment of birch, 
followed by a more gradual spread of pine, 
while variety was given to those early 
woods by aspen and hazel. On the lower 
and often water-logged areas, freshwater 
fens with characteristic vegetation de- 
veloped, probably extending over much 
of the present North Sea basin and evi- 
denced by the peat of the Dogger Bank. 
The intensification of drier or Boreal 
conditions permitted the widespread ex- 
tension of forests, preserved in the Lower 
Forest Bed and yielding abundant evi- 
dence of birch, pine, alder, oak, elm, and 
lime trees, and with hazel flourishing at 
heights and latitudes it no longer survives. 
This forest must have covered more than 
a quarter of Scotland, and included the 


263 


| 

) 


The Scottish Scene 


Shetlands, Orkneys, and Hebrides. Then, 
around 5000 s.c., a wetter Atlantic 
period set in, heralded by the spread of 
peat at lower levels. With the advent of 
strong winds and excessive rain, the peat 
mosses extended at the expense of the 
Mixed Oak Forests, and the Shetlands 
have been treeless ever since. 

Unlike Ireland, where the south-western 
region lay beyond the farthest fringe of the 
great ice sheets and offered a haven to 
the fauna, all of Scotland was subjected to 
the rigours of glaciation, which must have 
cleared it of livestock. With the retreat 
of the ice and the improvement of climatic 
conditions which permitted the vegetation 
to reoccupy the devastated north, ad- 
venturous pioneers of the animal kingdom 
likewise pressed forward. ‘The Wolf ar- 
rived early and persisted until the sixteenth 
century ; the Great Ox throve until the 
spread of the peat mosses ; the Reindeer 
probably moved in as an Arctic type, and 
appears to have thriven on Loch Lomond- 
side when that sheet of water was an arm 
of the open sea inhabited by northern 
molluscs, but later it became addicted to 
woodland surroundings; south of the 
Forth-Clyde waist the Great Deer had its 
home, but the forest-dwelling Elk ranged 
from the extreme south-west to the far 
north-east, and the Red Deer spread to 
the Hebrides, Orkneys and Shetlands. 
Steppe conditions are reflected in the 
presence of the Wild Horse. The Lynx, 
Cave Bear, Brown Bear, Arctic Fox, 
Variable Hare, and Northern Vole are 
all evidence of a varied fauna, which 
availed itself of overland routes to the 
north of Britain, and made full use of 
the extended coastal fringes afforded by 
the Post-Glacial uplift. Then, at the close 
of the Atlantic phase, came submergence 
of wide regions under the advancing sea, 
which cut off the British Isles from the 
main mass of continental Europe, and 
separated Ireland from Scotland and 
England, ending the period of free migra- 
tion for land dwellers and marking it by 
an extensive Raised Bexh. Round the 
coasts throve the Arctic, the Grey, and 
the Common Seals, together with Whales 
and Rorquals. Their airborne companions 
included various ducks, divers, and the 
Ptarmigan. 

About 2500 B.c. a second drier period 
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of emergence (Sub-Boreal) set in, and jn 


northern Europe pine forests spread widely, | 
augmented later by hornbeam and beech, | 
In Scotland the first deployment of vege. | 
tation on the top of the earlier peat layer | 


consisted of typical moorland plants, but 
the cool, dry conditions favoured forest 
growth and a Mixed Forest extended to 
regions in the vicinity of 3,200 feet above 
sea level. Birch and alder flourished and 
were subsequently joined by beech, and 
it is the stumps of the trees of this episode, 
which are to be seen in loch deposits and 
peat mosses. The association of a dry 
climate with high winds led to the many 
accumulations of blown sand character. 
istic of a variety of localities. Around 
850 B.c. saw a general change to cold and 


wet conditions (Sub-Atlantic), which en- | 


couraged the rapid spread of sphagnum 
moss at the expense of the Scottish forests, 
which shrank, while the submergence of 
the North Sea basin proved an effective 
barrier to any subsequent reinforcement 
from the forests of Scandinavia. The only 
important native conifer is the Scots pine, 


and among the hardwoods there can be | 


numbered only the birch, oak, ash, elm, 


rowan, hazel, and alder. Of the original , 
forests of Scotland, very few remnants | 
remain, for the destructive agencies of | 
wind and rain were reinforced by man in | 


search of fuel, shelter, and transport. 
The Scottish flora, consisting of plants 
which have retreated to the extreme 
north-west of Europe, is naturally a rela- 
tively limited one, characterised by only 
1,050 species. On the uplands, a thin 
soil rich in calcium, magnesium, and 
potassium supports a grassy moorland, 
often invaded by that widespread but 
picturesque enemy, the bracken fern. 
Heather, another far-flung element in 
Scottish scenery, thrives on soil of a peaty 
nature or one that is deficient in mineral 
salts, and the common practice of burning 
the old plants to provide space and 
nourishment for a new crop serves to 
perpetuate and extend its domination. 
The high level vegetation has other and 
more detailed claims to distinction. The 


first Post-Glacial flora was of a type ac | 
climatised to a low temperature struggle 
for existence in a rocky inhospitable soil, | 


and as amelioration of the climate set in 
and the decay of the vegetable pioneers 
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contributed to form a richer humus 
attractive to later comers of kindlier 
tastes, the early settlers with many Arctic- 
Alpine resemblances retreated to the 
higher and more stony grounds. Just as 
primitive inhabitants tend to be forced into 
mountain fastnesses by later and more 
highly developed peoples, so the scattered 
high peaks of Scotland support remarkable 
plant survivors of the Late Glacial Period. 
There are 276 distinct mountains with 
543 mountain tops reaching a height of 
3,000 feet or more above sea level, and 
throughout this wide area the high level 
plant assemblages show notable variation, 
partly linked with diminishing rainfall and 
temperature from west to east, and partly 
associated with the peculiar chemical 
components of the soils derived from the 
breaking down of the metamorphic schis- 
tose rocks of the region. As the Dalradian 
Schists of the Grampians were a diverse 
group originally, were subsequently ex- 
posed to widespread regional metamor- 
phism, and then later were subjected to 
thermal metamorphism linked with im- 
mense injections of granite and other 
igneous rocks, the variety of subsoil within 
relatively limited areas can well be 
imagined, and is responsible for some 
remarkable divergencies between groups 
of plants on summits but a few miles apart. 
In the river valleys and restricted plains a 
deeper soil has accumulated and supports 
by comparison a richer flora, but even at 
its best it is a restricted one—a plantation 
of pioneers from the main mass of western 
Europe. 

Man, the highest element in the fauna, 
appears to have invaded Scotland shortly 
before the final severing of the land bridges 
with the continent of Europe, around 
4000 n.c. The earliest relics show that 
Middle Stone Age hunters and _ fishers 
arrived in our western shores from France 
via Ireland, small groups occupying 
favourable sites, now marked by tools and 
food refuse. Others came from the Baltic 
across the North Sea. In the New Stone 
Age, about 2000 s.c., the first food pro- 
ducers came up the west coast as far as 
Caithness and Orkney, and settled, bring- 
ing sheep and goats and planting barley. 
They were a long-skulled people of a 
Mediterranean type, who left us cham- 
bered tombs, often built of very large 
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stones. Another people spread up the 
east coast and to them is due the most 
complete picture of prehistoric life in 
Scotland—the late New Stone Age village 
at Skara Brae in Orkney, now excavated 
from the driven sand and kitchen refuse, 
which had for long preserved it. About 
1800 B.c., at the beginning of the Bronze 
Age, there was a new invasion of round- 
headed people from the Low Countries 
and France, who buried their dead singly 
in round cairns and left circles of standing 
stones. They are thought to have been 
semi-nomadic herdsmen. At Jarlshof, in 
Shetland, is a striking village of Late 
Bronze Age, occupied into the succeed- 
ing Iron Age. Celtic-speaking invaders 
brought the use of iron to Scotland and 
constructed fortified settlements—‘ vitri- 
fied forts.’ The region north and west of 
these structures is characterised by the 
peculiarly Scottish dry-built hollow stone 
towers called brochs, which were probably 
employed as places of refuge during the 
first two or three centuries of the Christian 
era. Oval hill forts and fortified hill-top 
towns evidence the evolution of larger 
communities and the need for protection 
from marauders from other groups, while 
another device combining defence with 
food gathering is to be seen in the crannogs 
or lake dwellings occupied about the same 
time, and contemporaneous with the 
Roman invasion which began in a.p. 80. 
The impact of the Roman Empire on 
Scotland was limited to military campaigns 
as far north as Aberdeenshire and a certain 
amount of military occupation up to the 
Tay. The Antonine Wall, guarding the 
short stretch from the Forth to the Clyde, 
was built in a.p. 142, and behind it, over 
the southern districts, three or four main 
roads linked the forts, strong points, and 
lookout posts of a mobile frontier police 
force with the major defence line of 
Hadrian’s Wall, built from the Solway to 
the Tyne some twenty years earlier. The 
obstacles to the subjugation of Scotland 
were partly the warlike inhabitants, much 
more numerous than the field forces avail- 
able to the Roman governors could con- 
tain, and partly the geographical features 
of the country, about two-thirds of which 
enjoys an altitude of over 1,000 feet. 
Antonine’s Wall marked the boundary of 
Roman civilisation till it was relinquished 
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in A.D. 185. Hadrian’s Wall was evacu- 
ated in A.p. 383, when the maintenance of 
law and order was taken over by the 
Celtic frontier tribes, by that time stable 
political powers, who before long had to 
stand up against the Saxon invaders. 
Towards the end of the Roman occu- 
pation, in 397, St. Ninian brought the 
message of the Irish Christian Church to 
south-west Scotland by founding his 
monastery at Whithorn in Galloway, from 
which point his teaching spread north and 
east to the Celtic peoples, who had already 
evolved a notable political organisation 
and culture of their own, which persisted 
during the Dark Ages following the Roman 
withdrawal. The sculptured stones, often 
crosses, of these Celtic peoples evidence a 
remarkably high level of artistry. A few 
buildings remain to us, the outstanding 
being the Hermit’s Cell in Inchcolm and 
the round towers at Brechin and Aber- 
nethy. In 563, St. Columba landed on 
Iona and sei up his first monastery, from 
which base Christianity spread throughout 
the land north of the Forth and Clyde, 
occupied in the west by Scots, already 
Christians before they left their original 
home in Ireland, and.in the north and 
east by pagan Picts. In the south, about 
the same time, St. Mungo was bringing 
Christianity to the Britons of Strathclyde. 
To the pagan Angles of the east, in what 
is now the Lothians, almost half a century 
later went the Iona missionary St. Aidan, 
and later still came St. Cuthbert from 
north-east England. ‘This last was a most 
important event, for it opened Scotland, 
now united under one king by a series of 
wars and marriage, to the civilising and 
cultural influence of the Church of Rome. 
A totally different kind of impact came 
from the warlike Norsemen who, from 
about a.p. 800 onwards, invaded and 
settled, raided and ruled a wide area 
from the Shetlands and Orkneys, through 
much of the northern mainland to the 
Western Isles and beyond to the English 
Lake District and the Isle of Man. For 
fully 400 years, Norse customs and 
practices, language and beliefs made a 
contribution to Scotland, which the 
archaeologist and philologist are still dis- 
interring at the present time. Meantime 
southern ideas found a potent friend in 
Margaret, the English queen of Malcolm 


Canmore, and the more they found favour 
the more the Gaelic speaking Celtic north 
tended to withdraw. The Norman Cop. 
quest brought many Anglo-Norman 
knights to the Scottish court, and on them 
were bestowed Scottish estates, this 
emphasising still further the dominant 
Lowlands’ divergence from the Highlands, 
which persists to some extent even to this 
day. Later, Scottish nationalism was 
aroused by the War of Independence 
against England, and developed as its 
natural result not only unity at home but 
also the offensive-defensive Auld Alliance 
with France, and academic links with the 
Low Countries, both of which brought 
fresh strains to the indigenous beliefs and 
ideals, manners and customs, and arts and 
crafts, for the young Scots sought service 
and education overseas rather than in 
enemy territory, and there were regular 
comings and goings between the allies, 
On the debit side must be reckoned the 
wrecking of the Border abbeys, some of 
the treasures of Scottish architecture, in the 
later Anglo-Scottish conflicts of 1544-45. 
Then in 1560 came the Reformation, in 
Scotland largely a popular and religious 
revolution, confined in the main to the 
region south and east of the Highland 
Boundary line, introducing a Calvinistic 
form of worship and supported by an en- 
thusiasm which actively destroyed some 
ecclesiastical buildings and subjected others 
to a neglect no less devastating. _ Its parti- 
cularly unfortunate and lasting legacy was 
the removal of a widespread organisation 
which had played a not inconsiderable 
part in disseminating and encouraging 
an appreciation of fine crafts. ‘The Union 
of the Crowns in 1603 and of the Parlia- 
ments in 1707 provided solutions to 
problems troublesome to both countries 
From the Middle Ages onward there was 
much trading between Scotland and the | 
Baltic—a complete burying of the Viking 5 
hatchets, and an exchange of ideas, re 


flected in the architecture of some of our f 
east coast seaport towns. French sources, Fs 


as would be expected, are more characte: F 
istic of the style of castle and country 
house. 

The history of Scotland for the succeed- 
ing two centuries, peaceful save for the | 
Jacobite Risings of 1715 and 1745, % 
mainly concerned with the primary art 
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‘deriving a living from the natural re- 
‘sources of the land, of improving the con- 
Hditions of life for its people, and, in so 
‘mall a country with nearly two-thirds of 
‘ts area wild mountains, of increasing an 
Foverseas trade necessary for that advance- 


‘ment. The good farmlands of the Old 
Red Sandstone and Lower Carboniferous 
Socks of the Midland Valley responded to 
‘new techniques, the succession of carefully 
Pchosen crops, and later to the science of 
‘lective breeding of livestock—for Scot- 
‘land has been described as the brood farm 
Sof the world. ‘These skills extended to 
‘suitable parts of Aberdeenshire and the 
orth-east as far as the Orkneys ; to the 
/Old Red Sandstone, Carboniferous, and 
ew Red Sindee areas of the south- 
iwest, Dumfries, Kirkcudbright, and Wig- 
Siown; and to the Merse of Berwick and 
Roxburgh in the south-east. The grassy 
Hslopes of the Southern Uplands supporte d 
Msheep, the spinning and weaving of the 
wool of which brought prosperity to river- 
‘side towns of the east- flowing ‘Tweed 
| drainage system. Early industrial activi- 
‘ties ranged from paper making, where 
)water power was available, to line n weav- 
‘ing where the climate was ‘suitable. 
| The rigours of the north and west, the 
Highlands poor in natural resources, were 
braved by a race of crofters, relying on a 
combination of farming and fishing where 
geographical situation permitted. From 
their ranks for nearly three centuries have 
come those descendants of the clans to 
whom the bearing of arms was second 
nature. Round the coasts, wherever cove 
or estuary would serve, grew up isolated 
communities, whose boats worked far- 
flung fishing grounds and often followed 
the seasonal migrations of their ‘ catch.’ 
The use of wood for fuel and building 
had played havoc with the Caledonian 
Forests probably by Mediaeval times and 
may have given impetus to the employ- 
ment of stone for farm and cottage where 
Parlier it had gone to church and castle. 
Some kind of primitive smelting of iron 
: by the use of charcoal is evidenced by the 
Ht infrequent finds of basic slag in the 
liver terraces of Perthshire. The winning 
of coal in Scotland by surface workings 
and shallow pits goes back to the begin- 
ning of the thirteenth century, and “the 
pioneers were the monks of Newbattle 
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Abbey. Before the Industrial Revolution, 
Glasgow had already achieved some 
industrialisation and in the east the weav- 
ing of linen was carried out on an im- 
pressive scale. The great change-over to 
the Machine Age found Sc otland possessed 
of coal and iron resources close by water 
communications in and around the Mid- 
land Valley, a cadre of craftsmen with a 
capacity for good work, men of vision 
capable of initiating and directing wide 
enterprises, and individuals of genius to 
point the way to new fields of conquest. 
Of the last, the names of James Watt, who 
developed the steam engine and James, 
or ‘ Paraffin, Young from whose re- 
searches sprang the shale oil industry, are 
of world-wide renown. ‘To meet the need 
for better communications and to match 
the speed of industry roads were made, 
canals were dug, and a network of railway 
lines covered the central belt with links to 
the south and England and, more scantily, 
to the less productive Highland north. 
‘The heavy industries, shipbuilding, engin- 
eering, and railway locomotive construc- 
tion flourished in the west ; in the centre 
and east linen weaving, paper making, 
and brewing ; ; In the south-west dairying ; 
and in the south-east tweed and woollen 
manufacture. 

Throughout Scotland, with an area of 
30,405 square miles and a population of 
5,095,969, of whom four-fifths are con- 
centrated in the Midland Valley, there 
are some fifty museum centres, with 
collections housed in a variety of settings 
from a single small room to an imposing 
edifice of many spacious halls and galler- 
ies, and maintained by a staff ranging 
from a_ caretaker, through honorary 
curators, to a professional graduate corps 
aided by assistants and technicians. ‘The 
collections are equally varied, but the 
modern practice of concentrating on the 
accumulation and preservation of local 
material, illustrative of the natural history 
and the story of human settlement in the 
region, has resulted in the elimination of 
the isolated specimen or the mere curio. 
For the exhibition cases, the best and most 
typical examples are chosen, and they are 
displayed with adequate descriptions, in- 
cluding maps, diagrams, and photographs, 
in a setting to the artistry of which con- 
siderable thought must be given. ‘The 
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many ways to their smaller brethren, 
without in any way interfering with their 
independence. As several of the Ministry 
of Works’ historic buildings have small 
museums attached to them, and as the 
National Trust ‘ birthplace’ properties 
are indeed specialist museums, the extent 
of common ground is clear, and the search 
for the best technique in preserving furni- 
ture, fittings, textiles, and other com- 

nents of houses and museum collections 
js a day-to-day obligation of all these 
organisations. On the appended map of 
Cultural Centres can be seen the location 
of the various institutions concerned with 
the task of preserving and presenting 
Scotland, and a series of simple symbols 
has been employed to indicate the par- 
ticularly appropriate contribution each 
is making or can best be expected to make. 

The size and wealth of Glasgow (pop. 
1,089,555) are naturally reflected in its 
museums, which display extensive collec- 
tions in the natural sciences and in the 
arts and crafts of mankind, appealing to 
the connoisseur as well as to the ordinary 
visitor. On the other hand, the student 
of local geology, botany, and biology is 
offered the valuable material gathered 
from the west and the south-west, often by 
early pioneers, and is encouraged to prose- 
cute his own leisure-time investigations 
by their example. The prehistory, 
Roman occupation, mediaeval burghal 
activities, and later civic achievements 
provide, either in the central institution, 
or in the branches, appropriate subjects 
for inspired display. At The People’s 
Palace, the restorations of a_ typical 
artisan’s tenement kitchen and a Victorian 
parlour give a vivid picture of home life in 
the Industrial Era. There is, however, 
one field peculiarly Glasgow’s own in 
which wide developments have still to 
come—engineering. Shipping is repre- 
sented by a historical series of fine scale 
models, including Symington’s Charlotte 
Dundas, Bell’s Comet, the first passenger 
turbine steamship King Edward, and 
many Clyde-designed, Clyde-built vessels 
of note, but the pre-Industrial Revolu- 
tion beginnings of team work in factory 
Production await illustration, and the 
systematic array and historical survey of 
Prototypes, or models of prototypes, and of 
later modifications and improvements of 
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an immense variety of engineering devices 
have still to be tackled with enterprise and 
imagination. No museum in the world 
could deal so adequately with the story of 
the marine engine, the designers and in- 
ventors of which became boat builders, 
the machine-driven ship, and the many 
ancillary appliances called forth by the 
never-ceasing search for something better. 
Two interesting and varied aspects of 
Glasgow’s museum projects deserve special 
mention, the one old and the other new. 
Excavations at Whiteinch, in the making 
of a public park, revealed an old Carboni- 
ferous period forest, with the petrified 
stools of trees, complete with branching 
roots, supported on a seat-earth of clay. 
The site was very carefully cleared, and, 
protected by a suitable building, provides 
a most attractive exhibit—the Fossil 
Grove, Victoria Park, Whiteinch—which 
is maintained by the Corporation Parks 
Department. The other, at Camphill, a 
mansion house with surrounding public 
park, consists of a Dark Ages or possibly 
Iron Age fort, the site of which is being 
scientifically excavated by the museum 
staff. Any finds will be shown in the 
adjacent museum, while the fort, if suit- 
able, may be preserved as a show-place 
for visitors. The Hunterian Museum, 
attached to the University, owns a fine 
collection of Scottish antiquities from pre- 
historic times onward, and the staff 
organise and prosecute the excavation of 
field sites which has provided important 
results. Glasgow’s patriotic sympathies 
are revealed at Maryhill Barracks, where 
is situated the regimental museum of the 
Highland Light Infantry. 

Paisley (93,704), but a short distance 
away, has preserved its burghal inde- 
pendence and maintained the individual- 
ity of its civic museum, which might so 
easily have been completely over- 
shadowed by those of its greater neighbour, 
by making a special theme of its textile 
industry, in particular the history of the 
famous Paisleyshawls. Greenock (76,299) 
possesses in its McLean Institute a museum 
of the type characteristic of the late 
nineteenth century, with collections evi- 
dencing the tastes and activities of the 
upper classes rather than the life and 
industry of a seaport, shipbuilding centre, 
and the home of the great sugar industry. 
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There are thus notable gaps in the series 
of historical records of a district of no 
little fame, which should be filled ere the 
march of progress destroys them all. 
Across the Clyde is Dumbarton Castle, a 
historic building in the care of the Minis- 
try of Works, where part of the Governor’s 
House offers possibilities as a museum. 
Farther afield, Airdrie (30,308), in the 
coaJ-mining and iron-working area, while 
possessing a small museum housing collec- 
tions of local interest, attached to the 
public library, only a year ago won fame 
by staging an outstandingly successful 
Airdrie Week, at which an exhibition 
dealing with its history, industry, civic 
organisation, and voluntary associations 
proved most attractive and instructive, 
and accomplished much in stimulating 
local patriotism. Were it not for the 
migration of the coal-mining industry 
from this region, a strong plea could be 
made for siting a special Mining Museum 
there. Blantyre is a place of pilgrimage 
for all who venerate the pioneer work of 
David Livingstone, missionary and ex- 
plorer in the heart of unknown Africa. 
The house where he was born, a simple 
tenement, has been preserved as a birth- 
place museum and a national shrine in the 
care of a board of representative governors. 
At Winston Barracks, a little way out of 
Lanark, is the regimental museum of the 
Cameronians (Scottish Rifles), and across 
the Clyde valley to the west at Strathaven 
(4,041) is the John Hastie Institution, 
housing a small collection of pottery, 
some of it of Scottish origin. Kilmarnock 
(42,120) is one of the growing points in 
Scottish industrial development of to-day, 
and occupies a happy position between a 
coalfield and rich farming country. Cul- 
turally, it is served by the Dick Institute, 
a library-museum-art gallery centre, 
which can perform the useful function of 
a regional museum, while staging tempo- 
rary exhibitions of topical interest sent on 
circuit by larger organisations. In Ayr 
(43,011), the small museum attached to 
the library-art gallery building is naturally 
obliged to rank as a popular attraction far 
behind the Burns birthplace museum at 
Alloway, near by, to which innumerable 
devotees flock every year, but Ayr existed 
before the National bard and must save 
the relics of its own history and activities. 
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If Paisley can stand against Greater Glas. 
gow, Ayr should not fall a victim to 
Alloway. The ‘ Bachelors’ Club ’ at Tar. 
bolton and Souter Johnny’s House at 
Kirkoswald are period house museums 
associated with Burns and his cronies, and 
are administered by the National Trust, 
At Ayr Barracks is the interesting museum 
of the Royal Scots Fusiliers. 

The Burgh Museum at Dumfries 
(26,320), originally a society concern, 
became a civic responsibility in 1934 and 
is now the most active museum in the 
south-west. Following a recent reorgan- 
isation scheme, it is developing strongly 
on regional lines, not only collecting, dis- 
playing, and explaining the natural 
history and human history of a most 
interesting area, but taking part in and 
initiating field researches and archaeo- 
logical excavations, as well as serving as 
the focus for local learned societies. As 
befits a Burns centre, the museum devotes 
one of its rooms to the display of personalia 
and manuscripts of the poet. At Thorn- 
hill (1,044) is the little private museum 
of Dr. T. B. Grierson, which houses an 
extraordinary variety of specimens and 
curios, but has suffered severely through 
the years by the absence of professional 
curatorship. Castle Douglas (3,008), 
south-west of Dumfries, confines its inter- 
ests to an art centre, but at Kirkcudbright 
(2,425), now a haunt of Scottish artists 
and craftsmen, are the Stewartry Museum, 
with regional collections now undergoing 
reorganisation, and Broughton House, a 
potential craft centre. Stranraer (8,394) 
has recently instituted a small local 
museum, accommodated in a room in the 
County Library, and has already achieved 
an interesting group of objects illustrating 
the history of man in the south-west from 
mesolithic to recent times. At Whithorn 
Priory, with some of the earliest Christian 
monuments in Scotland, an adjacent 
building has been adapted to serve as 4 
small museum, housing associated relics 
and maintained by the Ministry of Works. 
Similar responsibilities are shouldered for 
Glenluce Abbey, north-west of Glenluce, 
for Dundrennan Abbey, near Kirkcud- 
bright, and for Lincluden College, near 
Dumfries. The last museum in_ the 
south-west region is the Arched House, at 
Ecclefechan (611), 
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Thomas Carlyle, which is preserved under 
ihe aegis of the National Trust. 

In the Clyde estuary are two small 
regional museums, one at Rothesay 
9,346), serving the island of Bute, and 
the other at Campbeltown (8,000) for the 
peninsula of Kintyre. The former has 
heen installed in an excellent building, 
presented by the Marquess of Bute. Its 
recent reorganisation is an outstanding 
example of team work involving the 
Carnegie United Kingdom Trustees, the 
Glasgow Corporation Museums, and the 
Royal Scottish Museum. It epitomises 
the wild life of Bute and the history of 
human settlement from the Stone Age to 
recent times; in addition it preserves 
a library of volumes on the locality and 


affords a meeting place for local 
societies. At Campbeltown, a_ very 
isolated outpost 134 miles by road 


from Glasgow, the nearest large centre, 
a similar reorganisation is taking place to 
provide like service in an area of immense 
importance for its Celtic remains—the 
ancient Dalriada. To the north, Kil- 
mory Chapel, under the Ministry of 
Works, shelters some fine examples of early 
Christian stone carving. Of vastly differ- 
ent function is the remaining museum in 
the region—the Scottish Marine Biological 
Association’s research station at Millport 
(2,083), on the island of Great Cumbrae, 
equipped with laboratories and an 
aquarium. Material for investigation in 
the one and for public inspection in the 
other is obtained by the special research 
ship Calanus. 

Edinburgh (466,770), is the museum 
centre of the eastern half of the Midland 
Valley. To the Royal Scottish Museum 
falls the task of displaying the zoology and 
geology of the whole country, aided in the 
latter by the regional rock collections 
deposited there by the Geological Survey, 
the Scottish office of which has its head- 
quarters in the capital. ‘The study of the 
botany of Scotland may be prosecuted in 
the Royal Botanic Garden, with its own 
museum. The Royal Scottish Museum 
art collections include examples of such 
Scottish crafts as silverwork, Prestonpans 
pottery, and the wonderful handwrought 

yrshire embroidery, a feature of the 
farly nineteenth century, when eyesight 
was largely unaided by either spectacles 
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or artificial light. Selected examples of 
Scottish industries, notably engineering 
and mining, are illustrated by historical 
series and a unique group of working 
models, while shipping, ship-building, 
and particularly coastal fishing are 
represented by an attractive array of 
accurate scale models. There is a limited 
number of detailed railway engine ex- 
hibits which, together with maps, plans, 
time-tables and other working material 
belonging to the old Scottish railway 
companies, should form a good nucleus 
for the Scottish Railway Museum, fore- 
shadowed in the 1951 Report to the 
British ‘Transport Commission, ‘ The 
Preservation of Relics and Records.’ The 
prehistory and history of the country up 
to comparatively recent times are dealt 
with by the National Museum of Antiqui- 
ties of Scotland, which possesses one of the 
most representative national collections in 
the world. Not only is there a chrono- 
logical series illustrating the development 
of man’s arts and crafts down the ages, 
but also priceless relics associated with 
characters famous in history ranging from 
the Monymusk Reliquary, the Penicuik 
jewels of Mary Queen of Scots, the golden 
ampulla used at the coronation of 
Charles I, a sword and targe belonging to 
Bonnie Prince Charlie, to the sea chest of 
Alexander Selkirk (Robinson Crusoe) and 
Deacon Brodie’s skeleton keys and lantern. 
In connection with this museum, a 
Scottish Folk Museum is projected to 
shelter the more homely objects of farm 
and cottage in a natural setting, where the 
old arts and crafts associated with country 
life may continue to be practised, many 
of them essential for the maintenance of 
the buildings and contents. Scottish 
costume is at present shown in both the 
Royal Scottish Museum and the National 
Museum of Antiquities of Scotland, and 
the wearing of it can be seen in the paint- 
ings of notable Scots, often the work of 
distinguished contemporaries, at the Scot- 
tish National Portrait Gallery. In Edin- 
burgh Castle, the newest recruit to our 
national institutions, the Scottish United 
Services Museum not only displays the 
martial history of a warlike people but 
also serves as a repository for the personalia 
of famous soldiers, contains a military 
reference library, and acts as a centre for 
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consultation and help sought by the ten 
Scottish regimental museums. ‘The Castle 
and the Palace of Holyroodhouse are 
maintained by the Ministry of Works with 
other charges in the vicinity of Edinburgh 
ranking as museums, such as Dirleton 
Castle, Tantallon Castle, and the early 
Christian monastery on the island of 
Inchcolm. ‘The civic authorities of Edin- 
burgh have accepted as their share in the 
provision of museums the responsibility for 
several period houses—Huntly House, 
Lady Stair’s Close, and the Victorian 
Lauriston Castle, while private trustees 
administer the birthplace of R. L. 
Stevenson. There is in contemplation a 
scheme for a museum of relics of the High 
Constables of Edinburgh, a body founded 
in 1611, from which have derived most 
of our modern municipal services. A 
unique regional educational museum was 
instituted in 1892 when Professor Patrick 
Geddes acquired the Outlook ‘Tower and 
subsequently fitted it up as a study centre, 
illustrating the history of Edinburgh and 
its relationships with the surrounding 
district, then with Scotland, and finally 
with the world beyond by the skilled use 
of maps, diagrams, photographs and 
models to extend the views provided by 
the initial attraction of a camera obscura 
on the roof. 

To the south and east is a fertile coastal 
region on Old Red Sandstone and Car- 
boniferous soils, backed by the moors and 
high hills of older Palaeozoic rocks, the 
home of the sheep farmer. The southern 
portion is trenched by the east-flowing 
‘Tweed and its tributaries, with mediaeval 
monasteries in ruins, on pleasant swards, 
and modern wool spinning and weaving 
industries supporting a few small urban 
centres. It is a wide area with a sparse 
population, and in it is a small group of 
museums, supported by local authorities 
—usually town councils aided by grants 
from the appropriate county council— 
and abbey remains with some museum 
accommodation, looked after by the 
Ministry of Works. In the first group are 
the pleasant little museums at Peebles 
(5,853) and Hawick (17,627), depicting 
their district flora and fauna, traditions 
ranging from poaching salmon to Riding 
the Marches, and industries with their 
implements, all against a background of 


local ‘ worthies,’ often of conspicuous}: 
individual traits and appearance. The 
second includes Melrose (2,061), with | 
particularly attractive museum set in the 
old fifteenth century Guest House, and 
Jedburgh which shelters stone Carvings 
and other relics in a converted coach- 
house. Queen Mary’s House in the same 
burgh (3,557) is administered by the 
Town Council as a period museum, 
Preston Old Meal Mill, a beauty spot in 
East Lothian often painted by artists, is 
a seventeenth-century folk museum piece 
being preserved by the National Trust, 
while Haddington House, Haddington 
(4,405), is the subject of an appeal for 
funds by the local society anxious to 
preserve it as a little period museum. 
There are two regimental museums, one 
at each end of the region—that of the 
Royal Scots (The Royal Regiment) at 
Glencorse, near Edinburgh, and that of 
the King’s Own Scottish Borderers at the 
Barracks, Berwick-on-T'weed, across the 
Border. Galashiels (14,000) and Selkirk 
(6,040), famous weaving towns, have 
active art centres at present, but both 
are planning museums of local history 
—a feature of Border towns which is 
both rich and varied—and have already 


collected a considerable nucleus of material. | 


Abbotsford, the home of Sir Walter Scott, 
is a mecca for the lovers of his historical 
romances, and part of the house is open 
for inspection. In it can be seen his 
workroom, library, and the amazing 
collection of relics he employed to ensure 
accuracy and local colour. 

Immediately west of Edinburgh, at 
South Queensferry, is the newest Scottish 


museum, brought into being in spring | 
1951 to display the ancient burgh records 


and material associated with its history. 
Farther west is the fifteenth-century resi- 
dence of the Dalyells of the Binns (30 on 
map), the first historic house in Scotland 
to be handed over to the National Trust 


while still in occupation by the owners, | 


and available with its many interesting 
relics to the public on certain days. At 
nearby Linlithgow (4,000), the same 
Trust has accepted two seventeenth- 
century buildings in the High Street, and 
is preserving the facades, while converting 
the somewhat decrepit insides into mort 
modern accommodation. One room 
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tie Town Hall houses some items, in- 
“fading a fine set of burgh weights and 
ieasures, illustrative of the Royal Burgh’s 
history. Falkirk (37,528), another burgh 
of chequered past and flourishing present, 
isin process of reorganising its museum to 
tell the story of its development from pre- 
historic through Roman and mediaeval 
times to the period of the Industrial Revo- 
lution. Throughout it occupied a strate- 
gic position of paramount importance, for 
it lay on the Antonine Wall, nearby 
portions of which are preserved by the 
National Trust ; Bannockburn is not 
far away; its doughty citizens—Falkirk 
bairns—played a resounding part in 
building up burghal rights and dignity ; 
it saw the first iron works in Scotland ; 
and it was the focus of great activity in the 
heydays of the Forth and Clyde Canal. 
Stirling (26,960) likewise is written large 
in Scottish history. Its castle holds not 
only relics of the past but is the home of 
the regimental museum of the Argyll and 
Sutherland Highlanders, while below its 
ramparts is the Smith Institute, a privately 
owned and administered museum which 
contains a rich collection of Scottish folk 
material, awaiting up-to-date treatment 


_ and presentation for its full value to be 


appreciated. Cambuskenneth Abbey, a 
mile to the north, and Inchmahome 
Priory, Port of Menteith, both housing 
monastic relics, are preserved by the 
Ministry of Works. 

In the fertile lands of Old Red Sand- 
stone and Carboniferous rocks to the east, 
lying between the Forth and the Tay and 
full of historic associations, are a number 
of interesting old buildings, an ancient 
university, and one modern museum-art 
gallery. The ancient Royal Burgh of 
Culross (600) is a seventeenth century 
museum piece with steep cobbled streets, 
crow-stepped gables, and a market cross. 
The National Trust has performed out- 
standing service in preserving this pic- 
turesque fragment of old Scotland and 
now holds over twenty properties in addi- 
tion to the ‘ Palace,’ which is also under 
the guardianship of the Ministry of Works. 
Not far away is Dunfermline (44,710), 
where Bruce lies buried in the old abbey 
and Carnegie was born in an unpre- 
tentious home. ‘The latter is preserved 
much as it was in 1835, but the adjacent 
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site has been utilised for a memorial 
museum, containing numerous relics of 
the man who devoted a considerable 
fraction of his great wealth to Scottish 
education, to cultural activities and local 
amenities, and whose Trustees have been 
benefactors to the museums movement 
both at home and abroad. They have 
preserved the Abbot’s House, the home 
of the Dunfermline Naturalists’ Society, 
and adapted a seventeenth-century man- 
sion in Pittencrieff Glen as a local museum, 
concerned with the natural history of the 
district, bygones of Dunfermline, and its 
long-standing linen industry. This is a 
museum subject which might well be 
developed further. The Scoto-Norman 
Abbey and the ruins of the Palace, an 
impressive memorial of the one-time 
capital of Scotland, are in the care of the 
Ministry of Works, and accommodation 
for.a site museum is available. ‘The little 
county town of Kinross (2,635) has set 
aside a room in the public library for the 
display of objects connected with its 
history. At Kirkcaldy (49,037), the Lang 
Toon famous for linoleum, the up-to-date 
museum and art gallery, a generous gift 
from a wealthy manufacturer, serves as a 
regional museum, illustrating the geology, 
botany, and zoology of south Fife, and 
displaying interesting items connected 
with its growth, including trade guild 
relics. It is the headquarters of the active 
Kirkcaldy Naturalists’ Society. In the 
Sailors’ Walk near by, the National Trust 
has saved the oldest building in the Royal 
Burgh, preserving the frontage while re- 
habilitating the interior for use as offices. 
St. Andrews (8,693) has still a number of 
old buildings to provide attractive vistas 
of the period type, and the Ministry of 
Works, as part of its functions in preserving 
the ruins of the Cathedral, initiated its 
museum service there in 1908 by pro- 
viding a shelter for important Celtic stone 
carvings. ‘This year the ecclesiastical ex- 
hibits will be transferred to the Warming 
House of the Cathedral, which will make 
a much more attractive museum. The 
University is responsible for both the 
Bell-Pettigrew Museum, largely zoological 
but containing some archaeological and 
ethnological collections, and the Gatty 
Marine Laboratory, a teaching and re- 
search institution. Although there is a 
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most interesting private collection of relics 
in the club house of the ‘ Royal and 
Ancient,’ the civic authorities have yet 
to institute a Public Museum of Golf, the 
game which has probably more than 
anything else brought them fame and 
fortune. 

Industrial Dundee (177,333), across the 
estuary of the Tay, has an important and 
vigorous museum devoted to the life and 
archaeology of the region. It rightly 
makes a speciality of exhibits illustrating 
its long association with shipbuilding and 
particularly the whaling industry. In 
connection with the Department of 
Archaeology in University College, there 
has been formed an Archaeological Rescue 
and Report Unit to keep track of and 
safeguard sites throughout Angus. Perth 
(40,466), for long the first bridgehead on 
the Tay, began with two famous local 
society museums and now has a large 
regional one provided by the municipality, 
serving as the headquarters of natural 
history activities, for it is happily situated 
at the tidal limits of the estuary and not 
far from the meeting place of Highlands 
and Midland Valley. Perth Museum is 
also the setting for relics and personalia of 
the Black Watch, the remainder of the 
regimental museum being at Queen’s 
Barracks. In the ruins of the Abbey at 
Arbroath, the Ministry of Works has 
another of its litthke museums in the 
Abbot’s House, displaying attractively 
material found on the site, in the vicinity, 
or even farther afield, the better to throw 
light on the life and habits of the times. 
The Town Council of Arbroath (19,503) 
have an old-fashioned museum on the 
upper floor of the Webster Hall, which 
suffers greatly from inaccessibility and 
lengthy neglect. At Montrose (10,789), 
farther north along the coast, an excellent 
museum building shelters the rather 
miscellaneous collections of the Montrose 
Natural History and Antiquarian Society, 
who could with little trouble achieve a 
first class regional museum on modern 
lines. Inland, in the rich agricultural 
hollow of Strathmore, is a chain of clean 
little towns, largely built of the warm 
tinted Old Red Sandstone on which they 
stand and owing their prosperity to agri- 
culture and marketing, together with a 
once thriving handloom industry. In 


Kirriemuir (4,000), under the care of the 
National Trust, is the birthplace of J. M. 
Barrie with near by the old wash-house in 
which, as a child, he made his first essays 
in stagecraft. At Forfar (10,000), the 
county town, a room in the Meffan Insti. 
tute is devoted to the display of home 
town relics, but a new scheme is afoot to 
develop a Country Life Museum in a large 
house not far away, to the plenishing of 
which a local lady is offering her private 
collection of agricultural implements, 
farm utensils, and examples of the instru. 
ments and products of the country crafts 
of the surrounding region. A little build. 
ing at Meigle housing some striking stone 
carvings of the Celtic culture, and, at the 
other end of the scale and the county, 
Edzell Castle with some historical items 
constitute two museums maintained by 
the Ministry of Works. Aberdeen 
(182,714) has institutions which rank very 
high, as one would expect of a city com- 
bining a long history, an ancient uni- 
versity, and distinction in farming, fishing, 
and the working of its granite foundations. 
While the museum lays emphasis on the 
art side, it is making rightful claims to 
represent the community and_ staging 
periodic exhibitions illustrative of ship- 
building, fishing and so forth. The Uni- 
versity has the important Anthropological 
Museum as well as teaching collections. 
Present-day problems of marine biology 


are studied at the Torry Research Station | 


of the Department of Scientific and In- 
dustrial Research to the east of the city. 
To the north, at Bridge of Don Barracks, 
is the very imposing regimental museum 
of the Gordon Highlanders. Peterhead 
(13,500), farther north up the coast, is a 
traditional fishing port, with fleets which 
have evolved from sail through steam to 
motor ships, and its museum, in the library 
building, contains a series of fishing craft 
models and a valuable collection of photo- 
graphs of vessels and crews. Steps might 
well be taken to secure examples or models 
of a variety of fishing gear which has al- 
ready become, or is threatening to become, 
obsolete, as has happily been done here 
for the once thriving whaling industry. 
The north-east coast along the Moray 
Firth is another somewhat isolated region, 
with good farm lands sited on the red 
sandstone belt, which stretches from the 
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eat central massif of the Grampian 
schists to the sea, and fishing harbours set 
in rocky coves and estuaries. Access to 
the south involves a fairly lengthy journey 
by either Kingussie or Aberdeen, so the 
little townships and their inhabitants have 
tended to develop a sturdy individuality 
and independence. The cathedral at 
Elgin (10,000) at one time dominated the 
region, and its ruins stand to-day an im- 
pressive memory of a great institution. 
Attached to them is a small Ministry of 
Works site museum, erected only this year. 
The private museum of the Elgin and 
Morayshire Literary and Scientific Asso- 
ciation contains much good regional 
material, particularly the collections illus- 
trative of local customs, crafts, and trades, 
and those of the unique fossils extracted 
from the Old and the New Red Sandstone 
in the vicinity. Funds are needed to put 
this institution on a modern basis. ‘To 
the east, the county town of Banff (3,489) 
devotes two rooms above the public 
library to museum purposes and a scheme 
is proposed to allocate one to the natural 
history and the other to the story of fishing 
and farming in the district. Local esprit 
de corps should ensure that success is 
achieved, because Banff has a responsi- 
bility on the one hand to its pioneer 
naturalist, the shoemaker Thomas Edward 
(1814-66), some of whose collections are 
in the museum, and on the other to the 
people of to-day, who would appreciate 
an extension of cultural amenities. ‘The 
Falconer Museum at Forres (4,168) is a 
private institution, rather of the type of 
Montrose, controlled by trustees and 
accommodated in a good building designed 
for the purpose, but handicapped by 
inadequate curatorial supervision. The 
collections include interesting material 
from the famous Culbin Sands, at the 
mouth of the Findhorn nearby. At 
Nairn (4,201), a small body of enthusiasts 
is salving and accumulating material 
tated to the history of the burgh, 
ésential for any future museum. 

The great block of crystalline schists 
and granite intrusions of the Grampians, 
traversed by deep river valleys and rising 
o ranges of high summits, offers shelter 
and livelihood to but a sparse population, 
naturally confined to the straths and glens 
which provide access. It is a region in 
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which one would not expect to find 
museums of the urban type, for no com- 
munity is large enough to support one. 
Local sentiment and tradition are strong, 
however, and the desire to preserve 
material of historic episodes, great fami- 
lies, and old customs has found expression 
in three centres and in three diverse ways. 
At Blair Atholl is Blair Castle, the ducal 
family seat, containing an impressive 
array of Highland treasures and trophies, 
illustrating the life and customs of an 
imposing, self-contained community, and 
in recent times available for inspection 
by visitors. Across the divide on the 
same northern highway is Am Fasgadh, 
at Kingussie (1,067), a Highland Folk 
Museum brought together by the inde- 
fatigable efforts of one enthusiast. <A 
pleasant Georgian house holds an ex- 
tensive collection, typical of everyday life 
from the Hebrides to Strathtay. An 
adjoining building is employed to display 
an attractive series of costumes worn by 
Highland owners, while outside structures 
contain agricultural and dairying equip- 
ment. ‘Three reconstructions of old High- 
land and Islands cottages and a mill 
complete the settlement to date, and local 
colour is provided by shaggy horned 
cattle and the famous Soay four-horned 
sheep. At Fort William (3,550) is the 
West Highland Museum, brought into 
being as a result of several successful 
exhibitions and now a permanent institu- 
tion maintained by the supporters of a 
private and progressive society, aided by 
annual grants from the Town Council and 
the County Education Authority. Again 
the collection is Highland and includes 
part of the famous Loch Treig crannog, 
but, as would be expected from the history 
of the region, it is strongly Jacobite, with 
personalia, weapons, and costumes of 
people associated with the risings of the 
715 and the °45. Some twelve miles to 
the west stands the monument at Glen- 
finnan, where Prince Charlie raised his 
standard, now in the care of the National 
Trust. At the north-eastern end of the 
Great Glen is Inverness (28,115), some- 
times termed the capital of the Highlands 
although it occupies the fertile coastal 
plain at the inner end of the Moray Firth. 
The little museum there is administered 
together with the burgh library, and is 
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thus the direct concern of the local auth- housing natural history and antiquarian 


ority, unlike the others just described. It material from their districts, with ap yt 
is limited to three rooms of which the first admixture of more exotic trophies accu. * 
contains Highland material, largely Jaco- mulated by far journeying townsmen, . te 
bite, the second displays examples of the ‘There is a tradition of erudition founded | ° a 
birds and beasts of the area, and the third on such local heroes as Robert Dick he 
is devoted to a replica of a crofter’s kitchen. (1811-66), the Thurso baker who became “hic 
Only five miles away is Culloden Moor, a famous botanist and geologist. In ‘ | 
where in 1746 the Stuart cause was lost. these isolated outposts—the train journey na 
The battlefield is preserved by the National from Inverness takes six hours—museuny, Viki 
Trust, as is the nearby farmhouse, where however small, have an important part over! 
the Young Pretender is said to have spent to play in housing archaeological finds The 
the night. At Inverness is the regimental and natural history material, and in om 
museum of the Queen’s Own Cameron - stimulating interest in the surrounding ps 
Highlanders, while at Fort George is that countryside. Only inadequate funds and four 
of the Seaforth Highlanders. professional supervision limit them from | jus 

North of the Great Glen, on the High- making a much larger contribution to the pr 
land Schist areas and far west to the cultural life of the community. carta 
Hebrides, are certain beauty spots and Across the often stormy waters of the | area 
prehistoric sites, some in possession of Pentland Firth lie the Orkney Islands, logic 
the National Trust and others under the geologically a continuation of the plains TI 
guardianship of the Ministry of Works, of the north-east mainland and supporting | jhe | 
but there are no museums in this remotest a prosperous agricultural population, | fines 
and wildest part of Scotland. The ex- which in earlier times throve on ship- | 4 ¢, 
treme north-eastern corner of the country building and ship providing, having links } ang 
is composed of an almost horizontal with the whaling industry in far north- | croft 
blanket of Old Red Sandstone, overlying ern seas. The Orkney Natural History | Toy 


the highly folded basement schists which Society’s museum at Stromness (1,592), 
rise to the surface farther west, and offering after fully a century of useful service, goes | jhe 
a better subsoil for farming, which tends from strength to strength and can be | jhe 
to be offset, however, by the residual bogs regarded as a model regional museum, 
left by the dying ice sheets and the fierce displaying in epitome the rock foundation J trad; 
winds which sweep the unsheltered plains. and the wild life of the islands and the } oj, 
The little towns lie by the sea, their main surrounding waters, and exhibiting the | 4] 
roadway through most of their history, history of the islands from Stone Age to | fm 
and probably because of this isolation recent times, including farming, shipping 
they have developed into individualistic and whaling material. Kirkwall (4,021) | jy , 
and largely self-contained communities, provided in its lending library a home for villa 
certain of them with library and museum a small but very interesting folk collection, | gg¢y 
services on a limited scale, and reflecting which it is hoped will be more suitably | yi 
strongly the enthusiasms of the local displayed and described following the | go 
experts of the last century, some of whom recent revival of interest in the Orkney } cent, 
rose to fame. At Cromarty (850), the Antiquarian Society. Isolation or strong | Hoy 
National Trust preserves the cottage local sentiment has preserved many of Jarls 
birthplace of Hugh Miller (1802-56), the Orkney’s unique antiquities from destruc: | Wo, 
stonemason who became a geologist of tion, and there must be few areas of like | myc, 
world repute and an author of no mean __ size which can show to-day such a wealth Py 
talents. Dunrobin Castle, Golspie, houses of stages in human culture. ‘Tribute 5 | ing, 
in a special building the museum of the due to the Ministry of Works Inspectorate | gta, 
Duke of Sutherland, with a period collec- of Ancient Monuments for the effective} (oy 
tion ranging from local antiquities to measures taken to preserve a number of by t 
ethnological curiosities from the ends of architectural remains of prime iMP0O-| tego, 
the earth, from mineralogy to ornithology, tance, and for erecting in three instance | ich. 
a mirror of the tastes and travels of a most appropriately designed small Site} goo 
ducal family. Both Wick (7,548) and Museums to house material derived fro™ } Jang 
Thurso (3,231) have small museums the excavations, to display plans and | ig 55 
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descriptive notes, and to shelter trained 
custodians, usually natives of the district, 
who can explain the ruins to visitors and 
rotect the site from damage. ‘The first 
to be built was at Skara Brae, a late sur- 
vival of a New Stone Age type of village 
which, roofed in glass, offers a fascinating 
pilgrimage to tourist and expert alike. 
The second is at Brough of Birsay, a 
Viking settlement of maybe a.p. 1000 
overlain by an early Christian community. 
The third is at the Broch of Evie or Aiker- 
ness, a good example of the round tower 
structures raised so plentifully in the first 
four centuries of our era. Such Site 
Museums would appear to provide an 
admirable solution to the problem of 
caring for historic monuments in outlying 
areas and of housing the results of archaeo- 
logical excavations on the spot. 

The Shetland Islands over the sea to 
the north-east owe their elongated out- 
lines and fretted ridges to their origin as 
a continuation of the Highland schists, 
and are held by a hardy race of fishermen- 
crofters. ‘There is a small museum in the 
Town Hall in Lerwick (5,918), the county 
town, displaying local antiquities, and in 
the elements of the language used and 
the customs still observed, such as the 
ceremony of Up-Helly-a’, there are living 
traditions of links with the Vikings. 
Orkney and Shetland were Norwegian 
till 1469. The Broch of Mousa is a world 
famous relic and the most complete 
example of the type surviving. Jarlshof 
is another archaeological treasure, a 
village of Late Bronze Age and Iron Age 
occupation, with nearby the ruins of a 
Viking settlement, established about a.p. 
800 and extended over a period of five 
centuries, and of the seventeenth century 
House of Sumburgh. Both the broch and 
Jarlshof are in the care of the Ministry of 
Works, who have instituted a small 
museum at the latter. 

_ Public interest in, and support for, the 
institution of National Parks, have grown 
steadily in recent times, and in 1947 a 
Command Paper presented to Parliament 
by the Secretary of State for Scotland 
fecommended that there should be estab- 
lished a National Parks Commission for 
Scotland. Yet other large areas in Scot- 
land, earlier despoiled of the timber which 
880 vital an element in scenic appeal, will 
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recover their beauty and contribute much 
to economic welfare under the develop- 
ment policy of the Forestry Commission. 

Nature lovers have for long realised the 
danger of early extinction facing certain 
types of Scottish wild life owing to indis- 
criminate shooting, to the taking of 
clutches of eggs, to the alteration of habi- 
tat conditions, and to a whole range of 
causes, and the Secretary of State for 
Scotland has enjoyed the assistance of the 
Wild Birds Advisory Committee in seeking 
solutions to the problems involved. Game 
Laws preserve one group, Wild Birds 
Protection Acts protect another, and the 
promotion of National Parks, with the 
concomitant obligation to retain the wild 
life characteristic of them, brought into 
being the conception of Nature Reserves. 
Some of the reserves will be sited in 
National Parks and some in National 
Forest Parks, but there are many locali- 
ties favoured by special faunal assemblages 
or famous for particular geological pheno- 
mena which lie beyond their confines 
and for which additional measures of 
protection will be required. It is pro- 
posed to institute for these a series of 
National Nature Reserves, generally prop- 
erties acquired by the State, and a careful 
preliminary survey suggests that a fair 
measure of protection for selected plant 
and animal communities might be secured 
by reserves in some twenty-four localities 
from Unst in the north-east to the Solway 
in the south-west. For a second group of 
twenty-two equally widespread localities, 
either in private possession or owned by 
interested bodies evolved for the purpose, 
to be employed as observation areas, the 
title Nature Conservation Areas has been 
proposed. The supervision of Nature 
Reserves calls for trained biologists, and 
for this purpose the Nature Conservancy 
has been initiated. The Scottish unit, with 
headquarters in Edinburgh, was set up in 
1950, its staff including a Secretary, Physio- 
grapher, Botanist with two assistants, 
Zoologist-Animal Statistician, Admini- 
strative Officers, Librarian, and clerical 
assistants. ‘This is clearly an ecological 
task-force charged with the study of the 
balance of nature, often quite a precarious 
one and varying from district to district. 
There await solution many and complex 
problems not only of maintaining the 
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wild life but also of studying the factors 
which control it, the chain of consequences 
of minute variations in conditions, and 
the possibility of applying the results 
achieved to a much wider and possibly 
economic field. Their task is, however, 
much too big for them to tackle alone, or 
to permit the production of notable 
results within a reasonable time. They 
will require a kind of plant and animal 
census, season by season, calling for ac- 
curate observation and _ identification, 
strengthened by trained judgment. Here 
is the need for a special Home Guard 
of local amateur naturalists, including 
botanists, entomologists, ornithologists, and 
zoological specialists. 

The biological survey does not stop 
short at our shores, for the marine stations 
at Millport, St. Andrews, and Torry keep 
watch on the variety and movements of 
the inhabitants of coastal waters, and the 
Royal Scottish Museum serves as a record- 
ing centre for whale strandings and 
cuttle-fish invasions. The new Seaweed 
Research Institute at Musselburgh, on 
the outskirts of Edinburgh, while aimed 
at commercial results, is providing much 
new information regarding the inshore 
vegetation of the sea bottom. Far to the 
north, the Bird Observatory at Fair Isle, 
Shetland, is conducting long term and 
large-scale investigations on bird migration. 

The Industrial Revolution, conducted 
in a spirit of somewhat reckless exploita- 
tion of new-found natural riches, left 
many scars across the Midland Valley, 
and now a new trend in coal-mining, the 
steady growth of old townships, and the 
springing up of new ones are invading 
what were rural areas. In the Highlands, 
two World Wars cleared many of the tree- 
clad hillsides and novel hydro-electric 
power schemes plant strange structures in 
the wilds. The private landowner is 
no longer the natural protector of scenery, 
flora, and fauna. . . . With the Forestry 
Commission reclothing our rugged moun- 
tain land, the Nature Conservancy and 
local learned societies preserving our wild 
life, the Ministry of Works and_ the 
National Trust saving historic monuments 
and beauty spots, and a _ network of 
museums sheltering the material evidence 
of our history and culture we have a 
New Alliance to save the native setting, 
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holding the balance between outside 
encroachment and inherent decay. The 
Scottish Scene is thus no set piece, com. 
pleted many years ago and to be admired 
only in retrospect, but an unending inter. 
play of climate and configuration, of 
native wild life and people wresting a 
livelihood from an often ungenerous soil, 
of blending cultures and a persistence of 
character. It is our habitat and we 
derive from it, therefore we must strive 
to save it from spoliation. 


NATIONAL TRUST FOR SCOTLAND 
PROPERTIES 
2. Corrieshalloch Gorge. 
3. Hugh Miller’s Cottage. 
4. Culloden Moor. 
5. Stones of Clava. 
6. Boath Dovecot, Auldearn. 
7. Leith Hall. 
8. Strome Castle, Ross. 
9. Balmacara Estate, Ross. 
10. Falls of Glomach, Ross. 
11. Kintail Estate. 
12. Glenfinnan Monument. 
13. Glencoe. 
14. Dalness. 
15. Burg, Mull. 
16. Pass of Killiecrankie. 
17. Falls of Tummel. 
18. Craigower, Pitlochry. 
19. Hermitage, Dunkeld. 
. Barrie’s Birthplace, Kirriemuir. 
21. Balmerino Abbey. 
. Hill of Tarvit. 
23. Sailors’ Walk, Kirkcaldy. 
Castle Campbell. 
25. Culross. 
. Bannockburn. 
28. Roman Wall, Falkirk. 
. Houses in Linlithgow. 
. The Binns. 
31. Stenhouse Mansion. 
32. Caiy Stone. 
33. Gladstone’s Land. 
. Woolmet House. 
35. Hamilton Dower House. 
. Preston Mill. 
37. Bucinch etc., Loch Lomond. 
38. St. Modan’s Well, Rosneath. 
39. Parklea Farm, Port Glasgow. 
. Castlehill, Dumbarton. 
41. Crookston Castle. 
. Provan Hall. 


43. B 
44. B 
45, C 
46. S 
41. B 
48. A 
49, 
50. C 
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43, Blackhill, Stonebyres. 

44, Bachelors’ Club, Tarbolton. 

45, Culzean Castle. 

46, Souter Johnny’s Cottage, Kirkoswald. 
47, Bruce’s Stone, New Galloway. 

48, Abbey Glebe, Glenluce. 

49, Murray Isles. 

50. Carrick Shore. 

51. Threave, Castle Douglas. 
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52. Mote of Mark, Rough Is. 
53. Carlyle’s House. 
Ben Lawers. 


Note.—In November 1951, some 10,450 
acres of land in Wester Ross, south-west 
of Loch Maree, were acquired as a 
National Nature Reserve, the first of its 
kind in the British Isles. 


THE SCOTTISH TRADITION IN NATURAL 
SCIENCE 


by 


Dr. W. E. SWINTON 


Tue word ‘ tradition’ is here used in its 
sense of inherited culture or attitude, and 
Natural Science is of course the study of 
the things around us: the air, earth, sea, 
animal and plant life. Can it be said that 
there is an essentially Scottish attitude to 
such things? ‘That there have been dis- 
tinguished students of them in Scotland 
goes without saying, indeed the chief 
difficulty is to limit the field of study and 
of biography that presents itself all too 
readily. As for the period, it is necessary to 
stop at the late nineteenth century when 
communications in any case tended to 


_ make the boundaries of nations invisible. 
It might be interesting to study how this 


levelling of the barriers has affected our 
national traditions. 

For this survey only native Scots who 
have performed their major works in the 


_ land of their birth will be cqnsidered. 


This excludes therefore Michael Scotus, 
the great thirteenth century scientist and 
philosopher, as well as Lord Kelvin, the 
Ulsterman who lived so long and with 
such distinction in Glasgow. The time 
barrier must deny us the pleasure of dis- 
cussing many other famous names as A. J. 


| Balfour, scientist and philosopher, Graham 
_ Bell, student of electricity and inventor ; 
_ Ramsey, one of the greatest chemists ; the 


brothers Geikie the geologists, and Arthur 
Thomson, naturalist and writer who did 
so much to spread the gospel of Nature. 


_ All these are too near our own time and to 


select a few is invidious. 
Scotland has long bred scientists and, 
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what is more, appreciated them, though 
the appreciation has not always been for 
their science. ‘ Reading maketh a full 
man, logic and rhetoric make a man able 
to contend,’ said Bacon. What qualities 
could be more desirable to a Scotsman ? 
Sir James Barrie once said ‘ Never forget 
that there are not four but five Universi- 
ties in Scotland. The greatest of them is. 
the poor, proud homes . . . which said 
so long ago “‘ There shall be education in 
this land.” ’ It may be worth recalling 
that in most other countries the Court and 
the Church were the patrons or the pro- 
tagonists of learning. 

As long ago as 1411, St. Andrews Uni- 
versity was founded, to be followed by 
Glasgow almost forty years later, and by 
Aberdeen in 1495. The youngest of the 
academic children is Edinburgh, founded 
in 1583 ; it seems, however, to have had 
a purely mathematical chair before either 
Glasgow or Aberdeen. This was appro- 
priate, for one of the first scientists to 
whom we must refer is Napier, laird of 
Merchiston, who was of an enquiring 
mind and not above giving moral advice 
to his sovereign, yet who is best remem- 
bered for a mathematical invention he 
made in 1614. John Napier was the 
father of logarithms, and he is first in the 
line of Scottish progenitors. These pro- 
genitors include Black, father of qualita- 
tive chemistry; Graham, of colloid 
chemistry ; Clerk Maxwell, who made 
electricity practicable ; Hunter, of anat- 
omy; Sharpey, of physiology; and 
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Sibbald, born before most of them, who 
founded medicine in Edinburgh and also 
the Botanical Garden. Sir Robert Sib- 
bald was a great man with many gifts, but 
he had his less pleasant moments, as for 
example, when he grossly interfered with 
the cartographical work of John Adair in 
1691. 

Disputes must have been common in 
this as in any other age, but we may be 
intrigued by the friendship that existed 
between two great mathematicians, Mc- 
Laurin and Stirling. Colin McLaurin 
was professor of mathematics in Edin- 
burgh and died in 1746 partly through his 
over-exertion in preparing the defences of 
that city against the advance of Prince 
Charlie and who had to flee on the 
Prince’s arrival in the town. James 
Stirling on the other hand was an active 
Jacobite and but for his politics would 
undoubtedly have succeeded McLaurin 
in the Edinburgh chair. We know little 
of their military exploits but both were 
brilliant scholars and masters of the pen. 
These are some of the men of Scotland 
whom we may call fathers of subjects. 
But Scotland has produced besides brilliant 
individual men of science, many families 
of distinguished scientists. 

Here we have the ample aid of history 
and of the detailed and valuable record of 
scientists made by Francis Galton. The 
year 1621 saw the union of John Gregory 
(a Presbyterian minister) and Miss Ander- 
son—a daughter of the manse. This 
union produced a great line of dis- 
tinguished mathematicians, philosophers, 
medical men and University professors, 
a line 200 years long; it produced also 
modern algebra and Gregory’s powder— 
two useful aids to living, no doubt, but 
two which generations of less able children 
will have deplored. The Forbes, too, 
provided Galton with a shorter but still 
distinguished and adventurous line. This 
adventurous quality of the Forbes may 
help to remind us that in Scotland the 
pursuit of knowledge was itself regarded as 
high adventure and called for the qualities 
that have driven Scotsmen everywhere 
beyond the narrow bounds of their 
country. Mention in Galton requires 
some measure of pedigree but in Scotland 
this does not imply wealth, lairdship or 
aristocracy. University records and parish 
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registers have long memories in_ the 
North. It is true that Napier, Sibbald 
Sir John Graham Dalyell, Lyell, Ruther. 
ford (distinguished as a part solver of the 
nature of the atmosphere, and as uncle of 
Sir Walter Scott), and Murchison were 
all born on the right side of a Laird’s 
hedge. On the other hand, Sir Charle 
Bell (the anatomist), Henderson (the 
future Astronomer Royal of South Africa), 
Hugh Miller, James Watt, and Jame 
Young (who revolutionised the shale gil 
and illumination industries) were notably 
poor in a land where poverty was too 
common to be an obstacle to anything. 
One of the poor Scots boys, who made 
more than good was James Mill, the father 
of J. S. Mill. He was not a scientist but 
was educated for the church. Yet his 
philosophical and analytical mind did 
much to prepare the way, indeed to show 
the way, for Darwin. Nor was initia 
poverty the impetus to thought and 
work in order merely to make financial 
good. William Murdoch, who first made 
illuminating gas, was a hard-working and 
inventive genius who earned the jealousy 
of his fellow countryman Watt. Yet up 
to the age of 44 he had never more than 
£1 a week. Then he was offered £1,000 
a year but he refused it and returned to 
his old employers, Boulton & Watt, who, 
it is pleasant to relate, saw that love's 
labour was no longer lost—financially. 
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Murdoch was a native of Auchinleck, 
Ayrshire. Watt was born in Greenock; ” 
many of the great of the seventeenth, | 
eighteenth, and nineteenth centuries wert | 
from Glasgow. Edinburgh claims rather 
more and was, of course, the intellectual 
as well as the political capital. It had 
many advantages by almost ancient usage. 

In medicine and surgery Edinburgh 
was for long pre-eminent. In 1505 the 
Corporation gave the newly formed Sur 
geons and Barbers Guild ‘ ane condemnit 
man after he be deid’ for dissection. 


This was thirty-five years before any 
similar act helped London. The Corpora | 
tion of Edinburgh at the same time gavt | 
the Guild a monopoly in making and 
selling whisky so that it was natural that | 
some practitioners of the time seized with 
avidity the new therapeutic substance. _ 

The Royal Society of Edinburgh ® 
younger than its London sister and di 
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not arise until 1783, but since then it has 
had a wide influence on more than local 
thought. Here in 1788 Hutton published 
his Theory of the Earth, surely a subject 
large enough to daunt many a lesser 
man. Hutton’s theory smelt more than 
faintly of the fire and brimstone that was 
thundered through Scotland on every 
Sabbath day. 

The Golden Age of Scotland was 
not confined to theories or laboratory 
experiments. 

By the early nineteenth century com- 
munications had prospered ; Watt had 
sent his steam engine on its way, and 
the Charlotte Dundas was wheezing through 
the Forth and Clyde Canal ; later John 
Russell Scott built the Great Eastern that 
sailed the seas, seas which another Scots- 
man—Wyville Thomson—was to survey 
owell, Throughout the United Kingdom 
roads were being made securely for the 
first time by two Scotsmen, Telfer and 
McAdam. 

The road to England had long been 
open—as Johnson had boomed into a 
Scotsman’s ear—but Glasgow and Edin- 
burgh had their own institutions and their 
own conceits and the southern road then as 
now, was built for traffic in two directions. 

Of all Scottish districts, not even 
Edinburgh has the most impressive record 
of my list. The comparatively small county 
of Angus gets the palm, at least in my 


view. Within its relatively small con- 
; | fines, in fifty-five years, between 1748 and 


1802, there were born John Playfair the 


j mathematician ; James Mill the philo- 


sopher ; Brown, perhaps the greatest of 
all botanists, to whom we owe Brownian 
movement and the discovery of the cell 
nucleus ; Sharpey the physiologist ; Lyell 
the geologist, and Thomas Henderson 
the astronomer. 

_These men were of all classes in origin. 
their birth alone does not yield the 
secret of so much success. 

The desire for knowledge was cast 
throughout the land, if mainly south and 
cast of the Highland line. 

Up to 1854, when Jameson founded the 

oyal Scottish Museum, ten museums 
had been established in Scotland as 
against 45 in England, but even that dis- 
Parity bore at that time the ratio of one 
museum to 290,000 persons in Scotland 


The Scottish Tradition in Natural Science 


compared with one to 400,000 in England. 
It may be claimed that museums mean 
nothing, though I should dispute that 
generality, but most of these museums 
were by-products of natural history and 
philosophical institutions or learned socie- 
ties. Now the first learned societies were- 
literary rather than scientific. Here we 
may find a clue, without embarking upon 
another essay. ‘The astonishing accuracy 
of their observation of Nature was a 
characteristic of the earliest Scottish poets 
and in this, too, Scott excelled in both his 
poetry and prose. 

Scotland is a land that provides the 
poets and scholars with an almost un- 
paralleled wealth of natural beauty and 
example. Neither poverty nor riches has 
oppressed its artists. Lack of rank or 
conversely the weight of coronets has 
never dulled a native wit. The qualities 
that made the poet made the scientist too. 

I will avoid these phrases of Galton 
where he speaks comparatively of the 
British Nations. But I quote him when 
he says ‘The average standard of the 
Lowland Scots and the English north- 
country man is decidedly a fraction of a 
grade superior to that of the ordinary 
English, because the number of those that 
attain to eminence is far greater than the 
proportionate number of their race would 
have led us to expect.’ ‘The same 
superiority is distinctly shewn by a com- 
parison of the well being of the masses of 
the population, for the Scotch labourer 
is less of a drudge . . . he does his work 
better and “lives his life besides.” 
Galton’s statement is fact, but does not 
disclose the cause. In such a list as here 
constructed, neither birth nor wealth, 
neither topography nor trade have neces- 
sarily dictated success. Many of the men 
were working, like the Apostles, in another 
trade before they heard thecall. Nearly 
all of them were eloquent in discourse, 
many of them were masters of the pen, 
nearly all had analytical minds and all of 
them were philosophers. The sum of 
these characters came, I believe, from one 
source. From the Reformation to the 
close of the nineteenth century Scotland 
was a Presbyterian land. Hell fire and 
the Devil were familiars. ‘The devil was 
as omnipresent as the sough of the wind 
and indeed might be the same. Behind 
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a frowning providence God hid his 
smiling face. I do not mean that all 
these eminent men were godly, though 
they may have been. But I am sure that 
in their hearts they were God-fearing. 
The word of the Bible, taught them as 
bairns, dinned into them in the Kirk, 
argued even in the fields and in the bothies, 
stamped their minds indelibly with that 
beauty of expression that never deserted 
them. The argument a man must have 
in his mind about his soul gave an analy- 
tical turn of thought to countless other men 
whose work cannot be mentioned here. 

It is said that Napier was an inveterate 
student of the Apocalypse and that in 
seeking to discover the Number of the 
Beast he discovered logarithms. Hugh 
Miller, who wrote with the pen of a 
minor prophet, found that if words were 
winged they could also be boomerangs, 


and died by his own hand. In short they 


men were not only the protagonists of| 


science, they were its prophets—minor and 
major—seeing with a prophet’s eye and 
writing with the hand of a_ master 
Prophets vary ; some were kindly and 
smiling men, others were more dour, |; 
was a minor one, McLaren first editor of 
the Scotsman, author of ‘ Geology of Fife 
and the Lothians’ who said seriously ‘| 
can joke ; but I joke wi’ deeficulty.’ 
How difficult things were for them we 
cannot now know. Even their science 
is dated. But their glory is undimmed 
and their words come down the years as 
fresh as the wind off the Forth, pring. 


pally because they were poets as well a | 
scientists. If I said that McLaren shared | 
the tradition and the romance with Burn | 


and Scott maybe his shade would smile- 
but it is true. 


CONFERENCE OF DELEGATES OF CORRESPONDING 
SOCIETIES, EDINBURGH, 1951 


TuirTy-FIVE Societies sent delegates to the 
Conference. ‘The first session was held in the 
Greek Lecture Theatre in Old College Univer- 
sity of Edinburgh, on Thursday, August 9, at 
2.30 p.m., when Dr. Douglas Allan, Director of 
the Royal Scottish Museum, took the Chair 
before an audience of sixty delegates and 
guests and delivered his Presidential Address 
on ‘The Scottish Scene.’ The full text of 
Dr. Allan’s Address is published with this 
report. 

The President was followed by Dr. W. E. 
Swinton who spoke on ‘ The Scottish Tradition 
in Natural Science.’ The Conference then 
adjourned to the Royal Scottish Museum for 
tea (by kind invitation of the Director) which 
was followed by a tour of the Museum work- 
shops and a talk by Mr. D. W. Wotherspoon 
‘on ‘The Preservation of Natural History 
Materials.’ 

On the afternoon of Friday, August 10, the 
first sectional excursion was supported by 
twenty-five delegates and friends, and a coach 
conveyed the party to the Gardens of the 
Zoological Society of Edinburgh. The Direc- 
tor, Mr. D. Bowles, personally conducted the 
party through the Gardens, and the tour 
included visits to the electric eel in the aquar- 
ium and the breeding pen of the King Pen- 
guins. The party was entertained to tea in 
the Fellows’ Dining Room, where Dr. Allan 


thanked Mr. Bowles and the Royal Scottish 
Zoological Society for their hospitality. 
On Monday, August 12, forty delegates and 


friends attended the first Conference lunch at © 


the Adam Rooms of the George Hotel to pay 
honour to two guests, The Earl of Wemyss and 
March, Chairman of the National Trust for 
Scotland, and Sir Edward Appleton, the | 
Principal of Edinburgh University. When 
introducing the guests, the President said he 
felt honoured to be seated between ‘the 
Appleton Layer and the Upper House.’ Sir 
Edward Appleton, replying, paid tribute to the 
valuable work of amateurs in maintaining the 
advancement of science, particularly in his 
own field of radio transmission. The Earl of 
Wemyss and March spoke of the work of the 
National Trust, and asked that local societies 
would continue to support this work. At 
2 o’clock the party left for the Seaweed Re! 
search Station at Musselburgh where they| 
were received by the scientific staff and com 
ducted on a tour of the station. This wa 
followed by a meal at Musselburgh and a tou! 
of Loretto School, by permission of the Head- 
master, and organised by Mr. A. S. Gillespie, 
Senior Biology Master, boys of the school 
acting as guides. 

The local arrangements for the Conferenct 
were made by Mr. Gillespie and the Delegate 
record their gratitude to him for all his wort: 
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HISTORY OF FORESTRY IN THE UNITED 
KINGDOM OVER THE LAST CENTURY’ 


by 


HENRY BERESFORD-PEIRSE 


In this Festival Year, when the British 
Association has as its main theme for its 
Edinburgh Meeting, an assessment of the 
progress of the various sciences over the 
last century or so, it would be of some 
satisfaction if British Forestry could show 
a glowing record of achievement. But 
much as I could wish to paint a picture in 
these colours, if I did, I should be far 
from the truth. For we must face the 
fact that the United Kingdom has until 
recently little in the way of systematic 
management and development in forestry 
of which to be proud. Perhaps we can 
claim a better record than North America 
where, until lately, forest policy (or lack 
of it) could be described by one word— 
‘exploitation.’ But we should see our- 
selves rather with a European background, 
and if we do this, the showing we make is 
an insignificant one. Nevertheless, if it is 
the task of an historian (and I must pretend 
for a short time to be such a person) to 
look backwards, so it is his privilege to 
look forward also. And in forestry there 
is, I believe, a bright prospect ahead. 

If my remarks carry us back more than 
a century it is because this period marks 
no clear phase in the story ; and if my 
references are to a large extent to Scotland, 
this implies no reflection on England and 
Wales, but is due to my closer knowledge 
of this country. 


Pre-EIGHTEENTH CENTURY 


Until the end of the seventeenth century 
the history of our woodlands was of their 
destruction, sometimes rapid and wide- 
spread, sometimes more gradual. The 
reason may have been in early days the 
fear of wild animals, and wolves in 
particular, which led the people to destroy 
their natural habitat, the forest ; it may 


Chairman’s Address to Sub-section K*, 
Forestry, at Edinburgh on August 9, 1951. 
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have been for fuel that woods were cut, 
or to make clearings for cultivation. Fires 
undoubtedly decimated large tracts and 
in later years the needs of graziers for sheep 
walks led to widespread clearances. Iron 
smelting made large demands for fuel and 
this industry has left its heavy mark on 
the forest area; shipbuilding made in- 
roads into supplies of timber, particularly 
oak. The causes for the destruction of 
forest were, in fact, many, but they all had 
one thing in common : that the destruc- 
tion was permanent—seldom did young 
growth spring up to replace the old, 
climate adding its influence to others to 
inhibit natural replacement. 

While no one could pretend that this 
country ever had a forest policy, in the 
normally accepted sense of this phrase, 
until as late as 1919, it should not be 
thought that our rulers and governments 
were insensible to the serious results of the 
continuous reduction of our forest area. 
From the fourteenth century onwards, 
there was a series of acts aimed at 
reversing this trend; but they were 
generally purely restrictive, prohibiting 
fellings, and only occasionally insisting 
on planting when felling was done. 
These enactments were largely ineffec- 
tive, and at no stage was there any really 
constructive measure taken to build up a 
properly managed forest area. 


EIGHTEENTH CENTURY 


I have said that our once widespread 
forests were steadily reduced in area up to 
the end of the seventeenth century. This 
process continued long after that. De- 
mands for grazing increased as border 
graziers extended their activities over 
further north. Scotland, in particular, 
was poor and timber was one of her few 
assets, so that it is not surprising to find 
sales of timber being made to commercial 
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concerns from the south like the York 
Timber Company which devastated 
Strathspey from 1728 onwards (losing, 
incidentally, a lot of money in the process). 
But at the very end of the seventeenth and 
beginning of the eighteenth century there 
are first signs of forestry proper being 
undertaken by a few big landowners. 
There are records of Campbells planting 
at Taymouth ; the Big Wood at Cawdor 
in Nairnshire was planted, largely with 
oak, at the end of the seventeenth 
century; in 1705 Lord Haddington 
planted Binning Wood in East Lothian, also 
with hardwoods. But these were isolated 
cases and the disturbances and forfeitures 
of the times of the ’15 and ’45 risings were 
not conducive to forestry development. 

While the scale on which forestry was 
carried on at this time was negligible, the 
really significant development was the 
introduction of the first exotic conifers by 
a few enterprising arboriculturalists. It 
must be remembered that, while Great 
Britain has a reasonably good indigenous 
stock of broadleaved species capable of 
producing high quality timber, she was 
very poorly supplied with conifer species, 
having only one of commercial importance 
—Scots Pine (Pinus Sylvestris). This scurvy 
treatment by Nature or Chance—call it 
what you will—seems particularly unkind, 
as we know that in prehistoric times other 
species grew here (for example, Tsuga 
heterophylla, whose fossilised cones have 
been found) ; and we are blessed by a 
climate most suitable for conifers, and a 
geology more varied than perhaps in any 
other area of similar extent in the world. 
So we might have expected to find here a 
wide range of coniferous species, instead of 
one only. It was an event, then, of out- 
standing importance when other species 
were introduced and distributed about the 
country. 

The importation came first, as was to be 
expected, from Europe, of European Larch 
(Larix decidua), Silver Fir (Abies alba) and 
Norway Spruce (Picea Abies), and the trees 
grew with great vigour. We can still see 
specimens of these early plantings at 
Inveraray, where there are some Silver 
Firs planted about 1770, the biggest of 
which is believed to be the largest tree 
in Great Britain. Norway Spruce is 
recorded as early as 1540, but was little 
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used until the eighteenth century. There | 
are some of the original larch to be seen | 
at Dunkeld and Dawyck amongst other | 


places, introduced between 1725 and 174) F 


(the exact date seems uncertain). But it | 
was not until the more peaceful times of the | 
second half of the eighteenth century that 
the new species were planted on any scale, 
and then it was mainly European Larch 
and Norway Spruce. By far the greates 
enterprise was shown by John Duke of 
Atholl who afforested in Perthshire in the > 
last quarter of the eighteenth and firs 
quarter of the nineteenth century no les [ 
than 8,000-9,000 acres, mainly with 
larch. Writing of this great enterprise, 
Sir John Stirling Maxwell, who has him. 
self been no less daring in his forestry, | 
says :—‘ This was the first large scale | 
experiment in any country with an exotic 
conifer. No landowner ever made a 
sounder investment.’ It is of some interest 
that the Atholl Estate has to-day a very 
similar acreage of forest, and it is to be 
hoped that their investment in forestry 
now will be no less sound than that of the 
founder of their forests. His fine example 
of planting was followed by many other 
landlords throughout the United King. 
dom, and the foundation was laid of the 
great woodland estates, and lesser ones as 
well, which built up a stock of timber 
mainly of Larch, Norway Spruce and Scots 
Pine on which the country was glad to 
depend for the bulk of her timber supplies 
in the two world wars of the first half of 
this century. 

One other tree is worthy of mention, 
though its importance is limited—the 
Corsican Pine (Pinus nigra var. calabrica). 
Introduced in mid-eighteenth century, it 
rapid growth under dry sandy conditions 
has led to its successful use in East Anglia 
and, more surprisingly, on the Culbin 
Sands in Morayshire ; for surely there 
can be only few cases such as this of a tree | 
successfully transplanted in its own hemr | 
sphere some 1,200 miles north of it | 
natural habitat. 


° ~ 


NINETEENTH CENTURY 

The promise of real progress was, | 
however, not fulfilled as the nineteenth | 
century wore on. For a time, govern- 
ments were concerned about supplies of 

oak for shipbuilding and gave attention | 
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to the management of Crown forests and 
the planting of oak. With the coming 
of the iron ship, however, even this interest 
in forestry faded. Industry, centred in 
large towns, and not the best and full use 
of land, was what mainly interested this 
country ; capital was increasingly drawn 
towards manufacturing and away from 
the land. Industrial development was 
accompanied, of course, by an ever 
growing demand for timber, a demand 
more and more for softwoods rather than 
hardwoods. This trend was important 
because of the effect it had on forest policy 
when at last it came to be formulated in 
the following century. But Europe and 
America were only too ready to send us 
what we wanted and we were prepared to 
import from the pick of the world’s 
markets. There seemed no reason to 
bother about home supplies; or so 
thought the Government, for it was 
common to find in government contracts 
for construction work a clause that no 
home grown timber was to be used. Small 
wonder that forestry in this country had to 
struggle to keep alive, and that planting 
barely kept pace with fellings. 

Nevertheless, the process of introducing 
exotics went on steadily throughout the 
nineteenth century—a process that was 
its main contribution to forestry develop- 
ment. It was the great era of plant 
collectors, and in the first half of the 
century no fewer than 800 species of 
exotic trees and shrubs were brought 
in. Those of importance in commercial 
forestry came mainly from North America 
—the most useful were perhaps Douglas 
Fir (Pseudotsuga taxifolia) and Sitka Spruce 
(Picea sitchensis), brought in by David 
Douglas and his followers. But there were 
numbers of other species, notably the 
Grand and Noble Firs (Abies grandis, Abies 
nobilis), Western Hemlock (Tsuga hetero- 
plylla) and Western Cedar (Thuja plicata), 
all of which flourish in this country, and 
of which too little use has even yet been 
made. The Redwoods were also intro- 
duced, but have been almost wholly 
neglected as forest trees. These exotic 
conifers, and many more, can be seen 
throughout the length and breadth of 
these islands in gardens, parks and ar- 
boretums. Rarely were they planted in 
forest conditions on any great scale, but 
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the work of trying out new species that was 
done on estates such as Novar, Leighton 
Park, Montgomerie, Powis and Haggers- 
ton—to name a few, was of inestimable 
value when at long last a real forest policy 
was initiated in the twentieth century. 

North America was the main, but not 
the only source of exotics. Among species 
introduced from Asia it is the Japanese 
Larch (Larix leptolepis) which must be 
given pride of place. Brought in by J. H. 
Veitch, it was again a Duke of Atholl (the 
Seventh) who first planted a few trees at 
Dunkeld in 1883. Whether by accident or 
design, he chose a site near some magnifi- 
cent European Larch trees and within a 
short distance of one of the original 
European Larch planted by his forebear 
nearly 150 years earlier. The remarkable 
hybrid that resulted has given this country 
a tree of outstanding importance. It is, 
however, symptomatic of the way we have 
treated forestry in the past that we left it 
to Scandinavian foresters to carry out 
research on this hybrid and take serious 
steps to provide a supply of first cross 
hybrid planting stock. We were content 
to collect such seed as we could off the 
original parents, and also from the hybrid 
itself, without much idea of what we were 
getting from this second cross. It is good, 
however, to record that nearly 50 years 
after hybrid larch seed first germinated 
(1904), we are taking steps to ensure future 
supplies of seed. 

This introduction of exotics, while 
carried out mainly by botanists, must 
none the less have its place in any history 
of British Forestry, for it was the foundation 
on which our twentieth century expansion 
has been built. The need for a real forest 
policy and an extension of planting was 
increasingly felt in the second half of the 
nineteenth century, and had its expression 
in the founding in 1854 of the Scottish 
Arboricultural Society, now the Royal 
Scottish Forestry Society. An English 
Society followed in 1881—the Royal 
Forestry Society of England and Wales. 
These Societies grew steadily in import- 
ance and influence, and began to press on 
the Government their views on the urgent 
need for a _ progressive forest policy. 
Towards the end of the century the 
Scottish Society was urging the President 
of the Board of Agriculture to take some 
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active interest, and in 1891 forestry was 
first given recognition by a university by 
the appointment at Edinburgh of a 
Lecturer in Forestry ; in the same year 
Durham appointed a Professor of Agri- 
culture and Forestry. This followed a 
Select Committee on Forestry which sat 
from 1885 to 1887. But academic training 
was not enough, and the Society urged the 
Government to create what was called a 
‘Model State Forest,’ where practical 
work and research could be undertaken. 
Before the close of the century, the Society 
was putting forward the proposition that 
the 900,000 acres of woodland in Scotland 
could with great advantage to the country 
be increased to four or five times this area, 
while the Royal Commission on Coast 
Erosion and Forestry made alternative 
proposals in 1909 for the afforestation of 
9 million or 6 million acres in the United 
Kingdom. ‘These were ambitious ideas, 
but nothing much happened and only a 
few thousand pounds were spent by the 
State on planting before 1914. In the 
same year (1909), the Office of Woods 
acquired land for the first State forest in 
Scotland, an area on Loch Awe in Argyll- 
shire—Inverliever—to add to its forest 
property south of the Border, and it is 
interesting to record that this was put in 
charge of a technical officer—Mr. R. L. 
Robinson, now Lord Robinson, Chairman 
of the Forestry Commission. 


TWENTIETH CENTURY 


At this time, 1910 and thereabouts, there 
was a group of Scottish landowners, 
headed by Lord Lovat, who firmly 
believed that a cure for many of the 
economic and social difficulties of Scotland 
lay in large afforestation schemes. For 
many years there had been a steady drift 
of population away from the Highlands 
and, indeed, from the Lowlands too, and 
the same was true of the hill country of 
England and Wales. The reason was 
that sheep grazing, which was the main 
form of farming, required little labour, 
gave poor reward and offered little 
opportunity for enterprise ; and the call 
of the colonies and industry was strong. 
Forestry seemed to offer just the type of 
expanding employment and opportunity 
which would induce young men to stay in, 
or return to, even the most remote parts 


of the country. In order to demonstrate | 
the practicability of his ideas, Lord Lovat | 


and his brother-in-law, General Stirling 


of Keir, carried out a sample survey in 


Glen Mhor in Inverness-shire. The result 
was published in 1911, and made an 
impressive case for a large extension of 
forestry. In the same year, the Govern. 


ment told the Forestry Society that | 


it contemplated setting up a Forestry 
Department. 

World events were now, however, 
moving fast towards war and when it came 
the almost disastrous difficulties of im. 
porting that most bulky of raw material, 
timber, swept away the remaining doubts 


the Government still had about the parlous | 


state of home supplies and the need for 
State action. While the war was still going 
on, a Committee, known as the ‘ Acland 
Committee’ after its Chairman, was set 
up ‘to consider and report on the best 
means of conserving and developing the 
forest resources of the United Kingdom, 
It reported in 1917, and its recommenda- 
tions were accepted by the Government 
towards the end of 1918. ‘This event is 
a landmark in our forest history because 
it was, in effect, the birth of a national 
forest policy. Consequently, it is worth 
recalling the situation as the Acland 
Committee saw it. The woodland area 


of the United Kingdom was estimated at © 
3 million acres, but the increment was © 


thought to be only about one-third of what 
it should have been under proper manage- 
ment ; and this poor increment was only 
8 per cent. of our consumption of timber. 
It is not necessary to go into any greater 


detail to show how precarious was the | 


supply of a vital raw material, and how 
urgent and necessary it was for the 
Government to take action. To meet the 
situation, the Acland Committee proposed 
that, in order to make the United King- 


dom self-sufficient in timber for three | 
years in any future emergency, there | 


should be afforested 1,770,000 acres. In 
addition, the existing woodland area of 
3 million acres was to be maintained and 
its production improved. In all, then, 
there would be in the United Kingdom 4 
forest area of about 43 million acres. The 


afforestation of new land was to be the , 
task mainly of the State ; private planting | 


was to be helped and encouraged by 
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nts. It was recommended that a 
Forest Authority should be set up which 
would have the care of all forestry matters, 
would administer the grants for private 
planting and would carry out directly the 
afforestation programme. ‘These, very 
briefly, were the recommendations of the 
Acland Committee to which statutory 
effect was given by the passing of the first 
Forestry Act, in 1919. In November of 
that year the Forestry Commission came 
into being with Lord Lovat as Chairman. 

In its early infancy, State forestry almost 
suffered extinction, as the Geddes Com- 
mittee on National Expenditure recom- 
mended in 1922 that the Commission 
should be abolished and its work should be 
stopped. However, largely by the personal 
efforts of Lord Lovat, and because a good 
start had been made in the acquisition of 
land and in planting, the Government 
decided that State forestry should con- 
tinue. The recommendation for abolishing 
the Commission was made on financial 
grounds, and changes in policy of the kind 
accompanied by a fluctuating programme 
due to financial consideration, with all 
the confusion that this entailed, is charac- 
teristic of the progress of forestry in the 
inter-war period. I do not wish to go 
into any detail as to how the programme 
proposed by the Acland Committee was 
carried out. Suffice it to say that at the 
end of the first 20-year period, that is, 
at the outbreak of the Second World War in 
1939, the Forestry Commission had ac- 
quired some 650,000 acres of plantable 
land and had actually planted nearly 
370,000 acres. In spite of the fluctuation 
in the supply of finance, this achievement 
represented 88 per cent. of the acquisition 
programme and 75 per cent. of the 
planting programme that the Acland 
Committee had recommended. Two other 
activities were begun which did not form 
part of the Acland Committee’s Report. 
The first was the formation of Forest 
Workers’ Holdings, which began in 1924. 
Up to 1939, nearly 1,500 had been estab- 
lished. The second development was 
that of National Forest Parks. The first 
two were opened before the war, one the 
Argyll National Forest Park in Scotland 
and the other, the Forest of Dean. Several 
others have since been opened. The idea 
was to provide recreational facilities for 
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the public within the forest area itself and 
also outside on bare hill land which is 
often acquired by the Commission to- 
gether with the plantable area. Some of 
the most magnificent country in the 
United Kingdom has in this way been 
made available to the public. 

The other part of the story of forestry 
in the inter-war period concerns private 
estates. The Acland Committee merely 
recommended that the Forestry Com- 
mission should be allowed ‘to make 
limited grants for every acre replanted or 
newly afforested . . . such plantations to 
be made in accordance with approved 
plans and conditions.’ In the event, the 
amount of the grant was fixed at £4 for 
hardwoods and £2 for conifers. Such 
amounts may seem small by present-day 
standards, but in 1919 they represented a 
not inconsiderable proportion of planting 
costs. Private estates certainly took ad- 
vantage of these grants and in the 20-year 
period 125,000 acres were planted with 
their aid. But little was done about 
‘approved plans and conditions.’ Some 
planting was undoubtedly done without 
grants and of that there is no record, but 
it is not thought that this planting ex- 
tended to any great acreage. Allowing 


‘then for some failures and for the non- 


grant plantings, it would not be far from 
the mark to say that about 130,000 acres 
were privately planted between the wars. 
Taken by itself, this is a not inconsiderable 
effort, but we must set it against the area 
of 450,000 acres, which it is estimated was 
felled during and immediately after the 
1914-18 war. Furthermore, clear felling, 
unrestricted by anything but economic 
circumstances, was going on all the way 
through the inter-war period. When we 
add State and Private planting together 
we find that something like half a million 
acres was put under trees by 1939, but that 
amount had not even made good the rav- 
ages of wartime fellings and the subsequent 
cutting that took place. That was the 
situation that faced the country at the 
outbreak of the last war, and by that time, 
very few of the new plantations were of a 
sufficient age to produce utilisable timber. 

The 1939 war is an almost exact 
repetition so far as forestry is concerned 
of the 1914 war. Again, there came the 
difficulty of importing a bulky raw 
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material ; again, our much depleted 
home woodlands had to be still further 
stripped to meet our needs. These two 
facts made it clear that even more drastic 
measures than those recommended by the 
Acland Committee would be needed to 
put forestry on a sound footing when 
peace should come. Early in the war, 
the duty of providing timber from home 
sources had been taken out of the hands 
of the Forestry Commission and passed 
to the Ministry of Supply. The Com- 
mission were, therefore, left compara- 
tively free to give thought to planning for 
post-war forestry, and in 1943 they pro- 
duced a White Paper entitled ‘ Post-War 
Forest Policy,’ which has formed the basis 
of forest policy since the war. Early in 
1944, a second White Paper was published 
dealing particularly with private wood- 
lands. It may be well to give the main 
recommendation of these two White 
Papers. In short, it was to build up in 
the United Kingdom by the end of this 
century a forest area of 5 million acres. 
This was to be made up of 2 million acres 
from existing woodlands and 3 million 
acres by the afforestation of bare land. 
This afforestation would be carried out 
in the main by the State ; replanting and 
the tending of existing woodlands would 
be done privately, but wherever it was 
found impossible for the present owners 
to carry out replanting, it was proposed 
that the State should take over these 
woodlands and do the work itself. It was 
estimated that there were some 3 million 
acres of existing woodlands, but it was 
thought that perhaps only 2 million acres 
would be suitable for systematic manage- 
ment. An important part of the first 
White Paper and the whole of the second 
White Paper dealt with what has now 
come to be known as the Dedication 
Scheme. It was recognised that, if forestry 
development was to be successful, private 
estates must play a full part and that there 
must be some carefully thought out plan 
providing for two main essentials : first, 
that the private woodlands be worked 
systematically under sound silvicultural 
management, and secondly, if this were 
done, that the State should provide 
substantial financial assistance for the 
owners. The Dedication Scheme pro- 
vides that an owner who goes in for it 


must sign a legal document which js 4 


binding on the land for all time. In it, 


the owner undertakes to use the land g | 


that timber production is the main object; 
he agrees to work his woodlands according 
to a plan approved by the Forestry 


Commission ; and he undertakes to have F 


skilled supervision. For their part, the 
Forestry Commission promise to pay 
certain grants for planting and main. 
tenance. (At present, the planting grant 
stands at £12 per acre)1; loans are also 
available, and it is part of the Scheme 
that the State Forest Service will provide 
advice to any woodland owner who may 
require it. Before it was launched, the 
Scheme was discussed in some detail with 
representatives of private growers. The 
general principles were agreed, but it is 
not surprising in a scheme so far 
reaching and so novel for this country that 
some of the details of it should have been 
received with a good deal of suspicion. 
Considerable alterations have recently 
been made to some of the conditions of 
the legal agreement, and as a result, the 
details as well as the general principles 
have now been accepted by private wood- 
land owners. One further aspect of the 
Post-War Forest Policy White Paper is of 
importance. It was then clearly recog. 


nised that, in the interests of the forest | 


industry, there must be a sound and 


efficient home timber trade if growers’ f 


produce was to be properly exploited, | 


converted and manufactured. 

I have devoted some time to discussing 
the provisions for private forestry because 
the introduction of the Dedication Scheme 
is another landmark in the history of 


forestry in this country. For the fir | 


time, statutory recognition was given to 
private forestry ; the State assumed some 
measure of control over it, and at the same 
time obligations for financial and other 


assistance ; as I have said too, the need | 


for a sound home timber trade was 
recognised. A further Forestry Act 1s now 


becoming law,? and the main objects are t0 | 
transfer to the Forestry Commission the } 


wartime powers to restrict fellings and s0 
help to build up a reserve of standing 
timber. There will also be power to give 
direction for fellings, so that, for instance, 


1 This has since been raised to £14. 
2 The Act came into force on October 1, 1951. 
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- over-mature timber could be made avail- 
| able for consumption, and powers to 
attach conditions to felling licences, for 
.— example, to ensure replanting. These 


powers will apply only to non-dedicated 
woods. With this Act the requirements of 
a proper forest policy will be reasonably 
complete, each of the three parties con- 
cerned, Private Growers, Home Timber 
Trade and State, having definite main 
spheres of activity, but all closely linked 
together. 

The fifth planting season since the 
post-war programme was introduced in 
1946 has now been completed and it 
be of may interest to take stock of pro- 
gress. In brief, the State has achieved 
about 72 per cent. of the planting pro- 
gramme laid down, having planted in 
these five seasons rather more than 
210,000 acres, while private forestry has 
dealt with nearly 26,000 acres, about 
75 per cent. of the White Paper forecast. 
Although these figures are appreciably 
les than the programme, they are 
very substantial areas and _ represent 
no mean achievement, taking account 
of all the difficulties of these post-war 
years. The main reasons for falling 
below the programme were shortage of 
labour, shortage of plants, and, in the 
case of the Forestry Commission, shortage 
of land, the latter affecting particularly 
England. Though the task that this 
country has set itself is a very large one, 
there is no reason why it should not be 
achieved, for there are a number of 
conditions entirely suitable for large-scale 
forestry. We have, for instance, a great 
extent of rough hill grazings, some 16 
million acres in all (including deer forest 
and other high land), and it should be 
possible to abstract the comparatively 
small area that we need to make up the 
forest area at which we are aiming without 
unduly interfering with agricultural pro- 
duction. Again, much of the climate and 
soil of this country is highly suitable for 
tree growth. And finally, thanks to those 
far-seeing and enterprising men who 
Introduced so many exotic conifers over 
the last 200 years or so, we have a wide 
range of species to choose from, many of 
which have been tried out already. 

The very size and momentum of the 
task makes it important to ensure that 
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technique keeps pace with the programme 
with which it has to deal and is capable 
of using the many species which are 
available. An important objective is to 
be able to establish plantations on the less 
fertile hill land so that good grazing need 
not be disturbed. For pioneer work in 
this field, the name of Sir John Stirling 
Maxwell will always be remembered. He 
introduced to this country the Belgian 
system of turf planting at his Corrour 
property on the Moor of Rannoch in 
Inverness-shire, and over a number of 
years from 1925 he developed methods of 
dealing with high altitude peat covered 
land which has pointed the way for the 
Forestry Commission to follow in its more 
extensive operations. All the Corrour 
plantations lie above the 1,250 feet contour 
a height below which most foresters would 
have finished their planting, and this is a 
measure of the enterprise that was shown. 
At Corrour draining and cutting and 
spreading of turfs was done by hand, and 
the cost was heavy. The obvious method 
of cheapening this kind of work was to do 
it mechanically and various ploughs were 
tried by the Forestry Commission. The 
difficulty, however, of finding a suitable 
machine to pull the plough in soft peat 
was not solved until the caterpillar tractor 
reached this country shortly before the 
last war. Subsequent development has 
been rapid until now ploughing before 
planting, not only on peat covered land, 
has become normal practice wherever a 
plough and tractor can work. I would 
not imply that Sir John Stirling Maxwell 
is the only private forester who has con- 
tributed to development of technique. 
Far from it. There are, for instance, a 
number of estates where the treatment of 
hardwood areas, particularly in the South 
of England, is enlightened and enter- 
prising, and far in advance of normal 
practice. But Sir John Stirling Maxwell’s 
work was concerned with afforestation of 
difficult non-woodland country and there- 
fore had an important influence on the 
State’s afforestation programme. 

Of all forestry operations, nursery work 
has perhaps been slower in development 
than any other. Until the last five or 
six years, old methods had been generally 
accepted, although there was clearly great 
scope for reducing cost of plants and 
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improving stock. Let me give one example 
only. There are in | lb. of Sikta Spruce 
seed upwards of 200,000 seeds; yet the 
usual out-turn of plants suitable for putting 
on the hill used to be around 15,000. 
There would seem to be room for improve- 
menthere. It is good to be able to record 
that in the last few years considerable 
steps forward have been made. Largely 
due to the most valuable work done by 
Dr. Rayner in the use of composts it is 
now common practice to sow seeds in 
nurseries prepared on woodland or heath- 
land sites and to improve the output of 
useable plants per pound of seed by three 
or four times, and to take a year or two 
less to do this. Mechanisation in the 
nursery has also gone ahead and there are 
now machines which will do the whole 
operation of lining out except filling the 
boards and setting them in position. It is 
probable that before long sowing and 
lifting will also be done mainly mechani- 
cally. Weare only at the beginning of the 
use of machines on the hill and in the 
nursery, but these developments are par- 
ticularly welcome just now when labour 
is in such short supply and is so expensive. 

Finally, I must refer to the most recent 
and possibly most important line of 
progress—tree breeding. This is a branch 
of the science of forestry which has been 
sadly neglected in this country, although 
a few voices have been raised from time 
to time to urge that attention be paid to it. 
Broadly speaking, we have been content 
to plant the various species on sites that 
we judged were suitable, largely ignoring 
the wide variation that exists within each 
species ; we made little serious attempt 
to collect seed, or breed by other means, 
only from first-class parent trees. Follow- 
ing the inspiring lead in this field given by 
Scandinavian foresters, this country has at 
last set out, very gingerly, on the selection 
of elite parent trees, research into vegeta- 
tive reproduction of conifer and hardwood 
species, and the establishment of seed 
orchards to give us supplies of seed of 
known origin and characteristics. The 
importance of genetics and its application 
in agriculture has long been recognised. 
It is not too much to hope that similar 
advances may also be made in forestry, 
resulting in better stands of timber both 
as regards quality, quantity and cost. I 


have already referred to the hybrid 


larch ; it is thought, and I beliey 
rightly, that this cross has an important 
place in British Forestry. Only lack g 
seed limits its use, and if there can lk 
established seed orchards to give all the 


first cross seed needed, something worth | 


while will have been achieved. To tak 
a very different case—oak: it is the 
present teaching that oak should 
grown pure, and the number of trees put 
in per acre should be 4,000—5,000, largely 
to give the necessary scope for selection of 
the 40-50 final trees required. This is an 
expensive method. If we can be assured 
of a steady supply of acorns or planting 
stock of unquestionably first quality and 


vigour, far fewer oak plants would bk f 


needed and the balance of ground could 
be used to grow quicker maturing species 
giving an intermediate yield. I need not 
pursue the application of genetics further, 
though I believe tree breeding offers for 
the first time the possibility of making 
really full use of the best of our ow 
indigenous hardwoods, our one indigenous 
conifer, exotic and hybrid poplars and the 
great choice we have of exotic conifers, 


This work of tree breeding may make the | 


twentieth century as important to this 
country’s forestry as the introduction of 


conifers made the eighteenth and nine 


teenth centuries. 

If I have not touched on the exploitation 
and conversion of forest products, it is not 
because of any disregard for their import- 
ant place in forestry in its broadest sense, 
or because there has been no activity or 
development in this field. It is rather that 
I have confined myself to the growing of 
forests rather than to the handling and 
use of timber. But I hope that what ! 
have inadequately and sketchily told of 
British Forestry will seem to justify what I 
began by saying that, while the past 
centuries have been remarkable mainly 
for their lack of policy and achievement, 
the last two or three decades have seen 
the establishment of a comprehensive 
forest policy and notable developments in 
technique. These give promise of mag- 


nificent woods in the future which will 


make profitable the large scale investment 
in forestry both by the State and private 
growers which is the programme on 
which this country has embarked. 


292 


| 
Sn 
19 
ca 
an 
en 
(1 
Pr 
to 
m 
Er 
all 
W 
( 
0 
me 
av 
| 
an 
I 
I 
q 
be 
fo 
elz 
or 
lo 
re; 
sp 
| re; 
th 
Er 
lik 
wc 


species 
ed not 
arther, 
ers for 
naking 


r own 


Zenous 
nd the 
mnifers, 


ke the 


o this 
ion of 
nine- 


itation 
is not 
nport- 
sense, 
rity or 
that 
ing of 
g and 
yhat I 
ald of 


vhat 1 


past 
nainly 
ment, 
> seen 
ensive 
nts in 
mag- 
will 
tment 
rivate 
le on 


HISTORY OF PHYSIOLOGY, 1851-1951 


by 


Pror. K. J. FRANKLIN 


Sm EDWARD SHARPEY-SCHAFER (1850— 
1935), Professor of Physiology in this 
capital city of Scotland from 1899 to 1933 
and inevitably, therefore, recalled to the 
minds of many of us on this occasion, wrote 
that ‘few things help more to make a 
subject interesting than appropriate refer- 
ences to its history.’ Another great 
Beitish physiologist, Sir William Bayliss 
(1866-1924), put on the title-page of his 
Principles of General Physiology (that book 
to which the older amongst us owe so 
much) the quotation from Paul’s first 
Epistle to the Thessalonians, V, 21, 
Soxtu.dtete, 1d xaxddv xatéyerte, or ‘ Prove 
all things; hold fast that which is good.’ 
Without further, more cogent reasons 
(which I am prepared to advance on some 
other, more suitable occasion) these two 
messages are unlikely to persuade the 
average physiologist that historical study 
can be of service to present-day teaching 
and research, but they provide an appro- 
priate introduction to the address which 
I have prepared for you this evening and 
I have, therefore, taken the liberty of 
quoting them. 

The period which we shall review has 
been somewhat arbitrarily determined, 
for it is merely the century which has 
elapsed since the opening of the Great 
Exhibition and it was not specifically 
associated at its outset with a new trend 
or other significant innovation in physio- 
logy, even if the year 1851 was that in 
which Helmholtz (1821-94) produced 
his ophthalmoscope and Purkinje’s model 
Physiological Institute in Prague became 
ready for use. The end, however, of any 
span of a hundred years provides a 
reasonable excuse for a retrospect, and 
the fully wise man is he who, like 
Epimetheus, can look back as well as, 
like Prometheus, look forward—in other 
words, we can find use for the intellectual 
gifts of both of these legendary brothers 


in the pursuit of our scientific objectives. 
My only major difficulties over this 
evening’s Epimethean task have been the 
selection of material from the vast amount 
which is available and the need to avoid 
repeating what I have already said or 
written elsewhere (Franklin, 1938, 1949, 
1950, 1951) ;_ in fairness the outcome must 
be judged with these limitations in mind, 
but I feel that I can safely to that extent 
count upon your goodwill. 

From the days of Avicenna (980-1037) 
to those of Boerhaave (1668-1738), ac- 
cording to Billroth’s (1876, see 1924) 
account of the medical sciences in the 
German Universities, animal—especially 
human—physiology formed a part of the 
so-called Institutes of Medicine, ‘ which 
were prefaced by an encyclopaedia of 
medicine and contained the material that 
we now classify under the heads of 
anatomy, physiology, general pathology 
and general therapeutics. The first mem- 
ber to free itself from this clan was .. . 
anatomy. ... Physiology for the most 
part became the province of the professors 
of anatomy, but at many universities it 
was combined with general pathology or 
even with zoology. In a number of 
faculties it often alternated among dif- 
ferent professors. When in the fifth and 
sixth decades of this century histology 
and embryology made such remarkable 
strides, a more minute morphology came 
so much to the fore in the lectures on 
physiology that the latter was almost 
completely morphologized. For the last 
fifteen years [i.e. since c. 1860] chemistry 
and physics have again borne the em- 
phasis’ and ‘the last phases especially 
have brought about a complete separa- 
tion of the chairs of physiology and anato- 
my,’ except at Giessen, in the German 
Universities. 

Two or three decades before Billroth 
penned the above, Todd and Bowman 
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History of Physiology 


(1856, 1, 33) in our own country had 
noted the emergence of chemistry as a 
factor of importance in physiology and 
had written : ‘ Henceforward, in physio- 
logical research, anatomical and chemical 
analysis must go hand in hand; _ the 
former to ascertain the minute mechanism 
of the various processes ; the latter, to 
determine the nature of the affinities by 
which the syntheses and analyses of the 
living laboratory are effected.’ 

If we go back probably somewhat 
farther than this, we find that Purkinje 
(1787-1869), the doyen of the ‘ German ’ 
physiologists of the nineteenth century, 
included within the scope of our science 
the following surprisingly long list of 
subjects (Studnicka, 1936) :— 


(1) Anthropology, as a general intro- 
duction. 

(2) Anatomy. 

(3) Histology. 

(4) Embryology. 

(5) The phenomenology of life. 

(6) Physiological mechanics. 

(7) Physiological chemistry. 

(8) Physiological dynamics. 

(9) Physiological psychology. 

(10) General physiology or 
philosophy. 

(11) Experimental physiology. 

(12) Applied physiology. 


natural 


In 1824, the year after his appointment 
as Professor in Breslau, he had introduced 
an experimental course and _ practical 
laboratory work, and microscope-aided 
demonstrations, as additions to the lecture- 
course. This must have been a very pre- 
cocious anticipation of what was later to 
become general, for Helmholtz (Koenigs- 
berger, 1906, 49) related how a professor 
of physiology was invited by a physicist, 
during a discussion on ocular images, to 
accompany the latter home and to see 
the relevant experiment. The professor 
retorted that a physiologist had nothing 
to do with experiments, though they might 
be well enough for physicists. 

To conclude this background build-up, 
we can note that in 185] there were in 
existence only two journals devoted to our 
science, namely, Journal de la physiologie 
expérimentale, founded by Magendie in 
1821, and Miiller’s Archiv, founded in 1834. 
In 1895 G. Oliver was to write, ‘ Of late 


years medical literature has grown 9 
extensive, that I think it almost incumbent 
on writers to express themselves as tersely 
as possible,’ but the urgency does not 
appear to have been generally felt, if one 
can judge from the average length of 
papers in the Journal of Physiology over the 
turn of the century. Thirty years later 
still the first and second editions of a book 
on the hydrogen-ion concentration of the 
blood contained respectively 30 and 300 
references and in the third edition the 
author stated that he could no longer keep 
up with the literature, else he would spend 
all his time reading! Then in 1932 the 
Editors of the Annual Review of Biochem. 
istry, in their Preface to Volume 1, wrote 
that ‘the last few years have witnessed 
the inception of new journals, of interest 
to chemists, at no less a rate than one 
every two weeks. The periodical litera- 
ture of other sciences has swollen like- 
wise ’ and ‘ It is the exceptional individual 
who succeeds in reading an appreciable 
proportion of the papers outside the 
confines of his own restricted field of 
research.’ 

This fantastic increase in the literature 
is our major problem, despite all the in- 
valuable reference books, such as the 
Quarterly Cumulative Index Medicus, and the 
various abstracting and synthesising jour- 
nals which have been established to 
mitigate its severity. The drawbacks 
introduced by it in even its earlier stages 
were appreciated by Billroth as early as 
1876, but his hopes that the spate would 
decline have certainly not been realised ; 
very much, indeed, has the opposite oc- 
curred. What he then wrote was the 
following: ‘Recently the opinion has 
been expressed that the content of physio- 
logy has grown to such an extent that it is 
quite impossible for the average professor 
to master and to teach it ; that physiology 
must be divided into physiological chem- 
istry, physiological physics, experimental 
physiology, etc., and must be taught by 
three or four teachers. I should regret 
this development in the interests of 
science, as well as for the sake of the 


students. A physiologist certainly cannot | 


be expected to be an investigator in all the 
phases of his science, but to surrender the 
unity of teaching physiology would tend 
so to weaken the concept of the unity of 
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co-ordination in all the living processes 
of the animal body, that one-sided aberra- 
tions might easily be encouraged thereby. 
The teacher of physiology must derive his 
material from many sources, and must 
work over what he receives in order to 
reproduce it; and this demands of him 
a vigorous, enduring and harmonious 
activity, as does the representation of any 
whole university subject. To withdraw 
entirely from general scientific work and 
to bury one’s self for life in one specialty, 
leads too easily to one-sidedness and pride. 
Such a division of physiology among three 
or four professors would have a confusing 
effect upon the students, apart entirely 
from the inevitable lengthening of the 
course. Moreover, there would seem to 
be something self-contradictory in the idea 
of teaching the student a physiology that 
a single professor cannot grasp in its 
entirety. We must guard against so 
exaggerating the academic phase of 
medical instruction at the university that 
the training of physicians becomes im- 
possible. Finally, the history of science 
proves that some of its streams have their 
periods of flood-tide, and then subside 
again. Physiology is now at its high- 
water mark, but it will not remain so 
for ever. Many branches of scientific 
specialisation after a time return to the 
main current, since they are but loops of 
the main stream. Others may run dry. 
Every investigator may reach the end of 
his intellectual resources in a given direc- 
tion. He ought then to attack another 
problem, and in this way, by a change 
of thinking and of work, keep himself 
thoroughly sound and vigorous. 

‘I have elsewhere expressed the opinion 
that a separate chair for medical chem- 
istry is an ornament to any medical 
faculty, but I do not consider it absolutely 
necessary at every university.’ 

To be fully effective, the literature has 
not only to be of service to the researcher 
but also to be incorporated into textbooks 
for the use of students. In 1851 the chief 
one among such books was, I imagine, 
Miiller’s Handbuch der Physiologie des Mens- 
chen, 1834-40 ; it was published in an 
English version, with notes by William 
Baly, in 1839-43. In our own country 

yo’s Outlines of Human Physiology was 
Popular, so far as one can gather, from its 
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appearance in 1837, but a more interesting 
textbook appeared in 1856, namely, The 
Anatomy and Physiology of Man, By R. B. 
Todd and W. Bowman; Todd was also 
Editor of the monumental work, The 
Cyclopaedia of Anatomy and Physiology, 1835- 
1859, upon which many of our physiologists 
must have placed considerable depend- 
ence. It is interesting to read through the 
former work (which really began in 1843), 
especially when one realises that Bowman, 
already distinguished for his investigations 
on skeletal muscle and the kidney, be- 
lieved in doing histological research so as 
to be sure of the accounts which he in- 
cluded in the textbook. Indeed, it is 
doubtful if any physiological handbook 
before or since has had so expert an 
anatomist as author or co-author. A 
modern reader misses the later work on 
enzymes, endocrines and the like, but he 
is attracted by the inclusion of much that 
is nowadays omitted from consideration, 
and he can also be surprised by the appear- 
ance of words and terms that he thought 
were more modern.! The whole, with 
few exceptions, is a successful combination 
of precise anatomical knowledge, inter- 
esting and often stimulating physiology, 
wide outlook, and in many places an 
artistry of expression for which the greater 
haste of to-day leaves little opportunity. 
We can rest assured that, for their time, 
students of a century ago were very well 
served by such men as Todd and Bowman, 
as later by Foster, Landois and Stirling, 
Kirkes, Schafer, Starling, Howell, and 
those many others whose names are so 
well known to you. No one even a 
century ago embarked lightheartedly on 
such a work as a textbook, and the burden 
of keeping a modern one up to date must 
be enormous. So we should mention our 
indebtedness to the authors of such 
volumes, and here in Scotland we may 
perhaps spare a special note of praise to 
Bell, Davidson and Scarborough, who in 
1950 added a new book to the list, and in 
it, much to the satisfaction of medical 
students, united the findings of the 
physiologists with those of the bio- 
chemists. 

Let us now turn back to 1851 and see 


1 To mention but a few: anaesthesia, faradic 
stimulation, proteins, internuncial, cholesterine, 
axis cylinder. 
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who then alive had made names for them- 
selves in physiology or were due to do so 
before the century closed; it serves a 
special purpose if we consider them in 
French, ‘ German,’ British and American 
groups, with the rest in a mixed one. I 
have picked out, I hope, most of those 
who deserve selection but I may have 
been guilty of some omissions; after 
mention of any individual’s name I have 
given his age in 1851. 

As Magendie was the effective pioneer 
in modern experimental physiology, I 
will deal with the French group first. It 
comprised Magendie 68, Flourens 57, 
Poiseuille 52, Regnault 41, Bernard 38, 
Brown-Séquard! 34, Rouget 27, Chauveau 
24, Bert and Marey 21, and Charles 
Richet, senior, 1. There are some great 
names in this list but obviously the total 
number was small to ensure proper con- 
tinuity of succession, and the major 
French contributions were in consequence 
associated mainly with individuals. 

The ‘ German’ group was much larger 
and more evenly spaced out. It ran as 
follows: Purkinje 64, E. H. Weber 56, 
Wohler 51, Miiller 50, Liebig 48, E. F. 
Weber 45, Henle 42, Mayer 37, Ludwig 35, 
Vierordt 33, du Bois Reymond 33, Briicke 
32, Helmholtz 30, Pfliger and Fick 22, 
Voit 20, Heidenhain, Hering and Goltz 
17, Waldeyer 15, Fritsch and Hitzig 13, 
Engelmann 8, and Zuntz 4. With the 
advantages I have mentioned, and further 
with the fact that Henle, Ludwig, du Bois 
Reymond and Briicke were largely con- 
cerned with the interpretation of physio- 
logy in terms of physics and chemistry, 
it is small wonder that this ‘German’ 
group dominated the international out- 
look in physiology during the second half 
of the nineteenth century. Billroth, in- 
deed, in 1876 claimed that ‘ No impartial 
expert will deny that modern physiology 
is a thoroughly German creation, and that 
for the present it is making real progress 
only in Germany.’ 

The British group consisted of Philip 81, 
Black 63, Marshall Hall 61, Sharpey 49, 
Bowman 35, Lister 24, Burdon-Sanderson 
23, Ringer 16, Foster 15, Ferrier 8, Lauder 


} Included in the French group because he 
founded one French physiological journal and was 
co-founder of another, and can be regarded as 
French in spirit. 
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Brunton 7, Yeo 6, Gaskell 4, and Schafer |, 
Some of these are not over-important ty 
our story, and on the whole the list was q 
promise of coming more than of already 
accomplished work. 

The ‘ American’ list comprised Beay. 
mont 66, Dalton? 26, Weir Mitchell 2) 
Bowditch 11, Wood 10, Mills 4, H. N. 
Martin 3, Osler 2, Welch 1, plus Meltzer 
and Vaughan who were still infants, 
Obviously, America’s part in physiology 
was in 1851 minimal and no one could 
have forecast the tremendous one which 
she was destined to play in the course of 
the twentieth century. 

The miscellaneous list included Matteuci, 
40, Donders 33, Sechenov 22, Holmgren 
20, Kronecker 12, Luciani 9, Mosso §, 
and Pavlov 2. 

It is obvious that in 1851 there were 
comparatively few physiologists in all the 
countries put together and that almost all 
those were in Europe. Further, it was 
inevitable that Germany should be doni- 
nant for a period, and this trend was en- 
hanced by Ludwig’s success as a trainer 
of would-be physiologists from other 
countries. Great Britain’s emergence there- 
after is not surprising on the evidence 
given, though the carry-over into the 
period we are reviewing was not numeri- 
cally very strong. However, Langley 


was born in 1852, Sherrington in 1857, 
Haldane in 1860, and others of importance | 
not long after, so the emergence when it | 
came was a strong and vigorous affair. 

In association with this I should like to 
say something about the development of 
practical instruction in physiology and | 
to deal in particular with the course of 
events in Great Britain, for I think that, 
despite our country’s relatively late be- 
ginning in physiological research, it was 
a pioneer in making fuller and mort 
effective provision for the student's train- 
ing. J.S. Haldane, at all events, told me | 
that on the Continent in his younger days } 
practical courses were freely available for 
post-graduates but that in general under- 
graduates were debarred from them. By 
1851, in our country, any practical work 
that was performed by students must have | 
been mainly in the field of histology and 


2 According to Weir Mitchell, the first Amer 


can to give himself exclusively to physiology 354 | 


profession. 
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at that date it was not histology as we now 
know it, for section-cutting had to be done 
with razors, staining methods remained to 
be invented, and so forth. Physiological 
chemistry in most places came in later 
than histology, and experimental work 
usually last of all. It is particularly upon 
this experimental side that I should like 
to dwell. As a part of the student’s 
course it must, I think, have come in after 
1867, the year in which Michael Foster 
accepted an invitation from his former 
teacher, William Sharpey, to inaugurate 
the teaching of practical physiology and 
histology at University College, London. 
In 1870 Foster transferred to Cambridge, 
in 1873 he collaborated with Burdon- 
Sanderson, Lauder Brunton and Klein 
in producing a Textbook for the Physto- 
logical Laboratory, and in 1876 Parliament 
passed Act 39 and 40 Vict., Ch. 77, or what 
is usually called The Cruelty to Animals Act, 
to regulate the use of animals for experi- 
ment! The regulations limited the range 
of animal preparations that could be used 
in experimental teaching classes, for 
Home Office licences issued under the 
Act were not obtainable by students. In 
consequence of this and of other, more 
economic factors, the pithed frog? or 
some constituent part of it has ever since 
been one of the two main objects of study 
in our experimental courses ; the other 
has been the student himself, for a number 
of investigations, particularly in the field 
of respiration and metabolism, are well or 
even best carried out in man. There 
are, however, a number of important 
studies for which neither the pithed frog 
nor the medical student is a suitable sub- 
ject, and the Act of 1876 allows students 
to experiment upon the surviving bodies 
of warm-blooded animals, i.e. upon what 
remains of such animals after decerebra- 
tion or decapitation has been carried out, 
under deep anaesthesia, by the holders of 
cences. Sherrington took advantage of 
this in preparing his Mammalian physio- 
logy: a course of practical exercises (1919), 
and the value of the course to a succes- 
sion of Oxford and other students has 
* Incidentally, the opponents of animal experi- 
ment not only provoked the Act but also stimulated 
Physiologists to band together and to form the 
ysiological Society. 
* Le. the frog with its brain destroyed so that it 
cannot feel pain. 
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been exceptionally great. In the United 
States, in which students are free to 
perform non-survival experiments upon 
anaesthetised animals without the dis- 
advantages attaching to decerebration or 
decapitation, a wider and more useful, 
because nearer to normal, experimental 
course has in recent years been conceived, 
the animal used being the rat. In as 
much as the vast majority of physiology 
students are in process of becoming 
medically qualified, the advantages of thus 
working upon complete warm-blooded 
animals need no stressing. We see, there- 
fore, that Great Britain gave the lead in 
providing students’ courses in histology, 
physiological chemistry (or biochemistry), 
and experimental physiology, and that 
Sherrington added experiments upon 
warm-blooded animals within the restric- 
tions imposed by the Act of 1876, but that 
British students are now at a definite dis- 
advantage compared with those of other 
countries because of those restrictions. 
This is very much to be regretted, because 
the excellent object of the Act was to 
avoid the infliction of unnecessary pain, 
and none such is involved in anaesthet- 
ising, and keeping anaesthetised, a rat or 
other mammal during the course of a 
non-survival experiment. 

A point of great interest and importance 
about the period which we are reviewing 
this evening is that in 1851 there were no 
women physiologists, whereas now there 
are many. The first woman member 
of the American Physiological Society was 
admitted in 1902, but our own corre- 
sponding Society remained exclusively 
male until 1915. In January of that year 
the following addition to the rules was 
carried ‘by a majority’: ‘Rule 36. 
Women shall be eligible for membership 
of the Society, and have the same rights, 
duties, and privileges as men’ (Sharpey- 
Schafer, 1927). No useful purpose would 
be served here in recalling the name of the 
chief antagonist, but I may perhaps men- 
tion J. S. Haldane’s doughty champion- 
ship of the ladies. In July 1915, at the 
Oxford meeting of the Society, six out of 
the eight new members elected were 
women. They were Florence Buchanan 
(Oxford), Ruth F. Skelton, Winifred C. 
Cullis (London), Enid M. Tribe (London 
School of Medicine for Women) Constance 
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Leetham Terry, and S. C. M. Sowton. 
They and their followers have done very 
much for physiology, and it is particularly 
fitting on this present occasion to pay 
tribute to Professor Winifred Cullis, faithful 
attender at the meetings of the British 
Association and a member of its Council, 
as well as a distinguished physiologist, a 
gifted speaker, and withal a most charm- 
ing person. 

I propose now to deal with some of the 
technical and instrumental developments, 
avoiding in so doing repetition of what I 
have already published elsewhere (Frank- 
lin, 1950, 1951).1. According to Lovatt 
Evans (personal communication, 1934) 
‘ the history of a subject in the long view 
comes to be a history of its technique, and 
if you have outstanding improvements in 
technique as your landmarks, you cannot 
go far wrong in following their lead as 
regards theoretical considerations.’ While 
I myself consider that a few more texts 
are required as the basis for the full 
sermon, I am content for the moment to 
see what sermon can be produced on the 
basis of this one alone. 

When you go into the laboratory, you 
see ready within it a large amount of 
apparatus destined to aid you in obtaining 
practical answers to your physiological 
problems. You possibly never give much 
thought to this apparatus though every 
piece of it, were it able to speak, could give 
you a fascinating story of its development, 
allied to personal details about those who 
invented it? and those who have since 
improved it. 

Physiological research involves apprecia- 
tion, direct or indirect, through one of the 
senses (sight, hearing, taste, smell or 
touch) of the reactions of parts, or of the 
whole, of intact or partially ‘ operated ’ 


1 Sir Henry Dale has pointed out to me that I 
should have referred on p. 227 of the 1951 article 
to Keith Lucas’ (1904, 1905) pioneer achievements 
in optical myographic recording. If the reader 
will merely add the word ‘ his’ on p. 227 so that 
1. 6 reads ‘. . . in his neuromuscular studies,’ he 
will have what I intended to say. For the rest, 
I fully acknowledge Keith Lucas’ long priority and 
I am grateful to Sir Henry for his pertinent note 
about what was, in 1904, a very remarkable 
technical advance. In a postscript he added : ‘ If 
the first world war had not taken him, I think 
Lucas’ name would have figured prominently in 
your article.’ 

2 See, e.g., the story of Roy’s oncometer (Frank- 
lin, 1949). 


animals ; it also includes studies of anima} 
products, and of the reactions of par} 
removed from animals. Two of the ways p 
in which isolated portions may be studied 
are (i) by perfusing them with blood or, 
‘ physiological solution,’ and (ii) by re. 
cording their movements. The former js 
suitable for all organs, the latter only for 
those which contain motile component, 
Ludwig in 1865 appears to have initiated 
the perfusion of isolated organs, and the 
fluids used since then have _ themselvye 
an interesting story, associated with the 
names of Sydney Ringer, Locke, Bayliss, 
Tyrode and so on. The gradual progres 
via various saline solutions, gum acacia 
saline, and blood in different forms has 
been an attempt to approach as near as 
possible to the normal in what is always 
a somewhat artificial procedure, and 
thereby to obtain results which can be 
transferred, without an undue measure 
of scepticism, to one’s picture of the organs 
functioning in situ. We should, I think, 
remember particularly at this point E. H. 
Starling and his heart-lung preparation, 
which in its day convinced people that 
‘the cardiac pump obeyed physical laws 
and had only one law of its own.’! The 
gist of ‘ Starling’s Law of the Heart’ had 
been expressed quite early on in the more 
modern era of physiology, but the effective 
discoverer is he who proves his contention 


by experiment and thereby effects its 
general acceptance, and this was Starling’s 
achievement. 

The study of the reactions of isolated 
surviving tissues or organs in physiological | 
solutions may be regarded as dating from 
the work of Rudolph Magnus in 1904, | 
while for the study of isolated /uman | 
material in this fashion on any extensive 
scale the credit appears to go to J. A. 
Gunn.? Such study gives valuable pre: | 
liminary indications about the physiology 
of those tissues to which it is applicable | 
and, if used in this way and not regarded 
as giving the final story, is a valid tech- 
nique. It was found not very satisfactory 
for the uterus, hence the later techniqués, 
first for recording from that organ exposed 


1H. P. Gilding’s happy phrase in a personal 
communication made to me earlier this year. 


2 His first paper was considered so fundamental 
that the Royal Society had it published within 4 


fortnight of its receipt! 
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in situ in a saline bath, and thereafter via 
a tambour placed in a cornu with its end 
exteriorised. This last technique had the 
further advantage that it was practic- 
able, after recovery from the operation, in 
the non-anaesthetised, quiescent animal. 
Further possibilities are inherent in cine- 
radiography. 

The art of keeping animal tissues active 
after removal from the body may be re- 
garded as having led, directly or indirectly, 
to the technique of tissue culture, of which 
the pioneer was R. G. Harrison, and the 
subsequent outstanding exponent Alexis 
Carrel. Its developments have made 
posible transplantations of blood vessels 
and of whole organs from animal to 
animal, and form part of the very inter- 
esting story of applied physiology onto 
which, unfortunately, I have not time to 
digress. I must also, at this point, leave 
unfinished this account of the methods, 
introduced since 1951, of studying indi- 
vidual parts of animals and pass to the 
study of complete and incomplete animals. 

Here, at the outset, I must say that we 
neglect too much the study of the animal 
under natural conditions, though this is 
often essential to the right interpretation 
of our experimental results. Were it not 
invidious to mention particular instances, 
I could refer you to findings which were 
attributed to operative interference but 
were perfectly normal for the particular 
species; the observer, however, was 
ignorant of this and so were most of his 
readers. Specific differences in reactions 
were much better known, on the whole, to 
the pharmacologist than to the physio- 
logist, and results obtained by the latter 
in respect of a single species are all too 
often applied, without experimental justi- 

cation, to other species. 

_ Apart from studying the whole animal 
i its natural state, the physiologist has, 
since about a century ago, studied the 
more or less complete animal in _ its 
anaesthetised state, and also the animal 
which has undergone an operation under 
an anaesthetic and thereafter convalesced 
and recovered. In other words, the ex- 
perimental animal, like the human patient, 
has benefited by the introduction of 
general, and later on local, anaesthesia. 
: hysiology has profited (i) because physio- 


ogists do not, on humanitarian grounds, 
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like to inflict pain, (ii) because pain, such 
as was imposed on the experimental 
animal before 1850, may seriously change 
many normal activities of the body, and 
(iii) because survival, and therefore long- 
duration, experiments have become pos- 
sible. For the full understanding of the 
functions of many organs, e.g. of some of 
the endocrine glands, survival of operated 
animals for periods of weeks, months, or 
even years has been imperative, and a 
successful outcome has been possible only 
through the use of all the beneficent pro- 
cedures introduced, during the last hun- 
dred years, into human surgery. On the 
other hand, the anaesthesia accompanying 
short-duration non-survival experiments, 
which form the vast majority of all those 
undertaken by physiologists, can on 
occasion reverse normal activities and 
almost always increases the difficulties 
involved in the interpretation of results. 

These difficulties in general are also 
increased in proportion as the physiologist, 
for the purpose of analysis, reduces opera- 
tively the original completeness of the 
animal. Such an approach has often 
been found necessary, e.g. it has been of 
very great value in neurophysiology, but 
correct assessment of the results certainly, 
on occasion, demands long experience and 
high powers of judgment. The phrase 
of E. K. Marshall, jr., ‘ anaesthetised and 
operated animals or “‘ pieces of animals ” 
containing the renal organ ’ rises to one’s 
mind. 

There, owing to shortness of time, I 
must leave the objects of study and pass 
to the senses by which we study them. If 
one sits down and lists the technical and 
instrumental advances made since 1851, 
one finds that many of them have been 
aids to vision. Light microscopy by 1886 
or thereabouts had well nigh reached 
perfection, and in recent times we have 
seen the emergence of electron, reflecting, 
and phase-contrast microscopy.! ‘This 
last, in my view, may within a few years 
supplant, or at least supplement, light 
microscopy in the student’s course. In 
addition to such advances, which I have 
dealt with more fully elsewhere (Franklin, 
1951), I should mention the invention of 


1 Flying-spot microscopy is the latest addition 
to the armamentarium. See Young and Roberts 
(1951), and Lancet, 1951, i, 729. 
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instruments such as the ophthalmoscope, 
laryngoscope, gastroscope, and cysto- 
scope which have increased our power of 
seeing within the body. It was also in- 
creased by Réntgen’s discovery of X-rays 
in 1895, and by the invention, since about 
1930, of innocuous radiopaque substances 
which can be introduced into hollow 
viscera of various kinds in various ways. 
However, of these matters also I have 
written more than once, so here I will 
merely repeat that for many purposes 
radiographic methods are better than any 
other technical means for revealing what 
happens within the normal body, because 
they involve a minimum of operative 
disturbance. 

The rest of the extension of vision in the 
period under review has been in no small 
measure due to photography (invented by 
Niepce in 1839) in its various forms, in- 
cluding all the devices of cinematography. 
I will mention just a few instances. 
Burdon-Sanderson and Bernstein used 
photography in 1895 and 1897 respect- 
ively to measure the latent period of 
muscle, while Wilhelm His, junior, must 
have been one of the first to make use 
of photomicrography. Infra-red photog- 
raphy is of comparatively recent de- 
velopment as an aid to physiology—it 
enables one to photograph the immedi- 
ately subcutaneous structures. Of the 
advantages of cinematography I need not 
speak at any length; one of the first 
physiologists to recognise its educational 
value was Professor W. Stirling of Man- 
chester, by all accounts a magnificent 
teacher of our science, and also the author 
of the scarce and beautifully illustrated 
volume, Some Apostles of Physiology. 

Aids to hearing have been less important 
to physiological progress than aids to 
vision, and one of the more important, 
namely, the stethoscope, had been in 
existence for thirty-two years before 1851 ; 
in 1845, the year in which the Webers 
announced their discovery of the inhibi- 
tory action of the vagus, Claude Bernard 
had heard through a stethoscope the vagal 
cardiac arrest. Since then we have had 
Wiggers’ electrical recording of heart- 
sounds, Janker’s combination of this with 
cineradiography of the heart-beat, Adrian’s 
sound-recording of nervous impulses, 
etc. 


300 


I will not refer in any detail to th 


senses of smell, taste and touch except ty 
say that the first two are probably lex 


used now by physiologists than they were | 


and that for this the advance in chemistry, 
which has provided alternative means for 
reaching certain conclusions, must be held 
mainly responsible. 

Given the animals or parts of animak 
which we study and the senses through 
which we study them, we need next to 
consider our means of recording. For in 
these days few physiologists follow Claude 
Bernard and Langley in putting their 
observations into words and disregarding 
completely any kind of instrumental 
record. 

Thomas Young (1773-1829) in 180) 
gave us the forerunner of the kymograph 
in a cylindrical time-recorder covered with 
wax or paper, on which a vibrating key 
marked fractions of seconds. Ludwig 
gave us in 1847 the kymograph more or 
less as we know it ; one of its double drum 
modifications, to take a long paper, was 
due to Hiirthle. To Marey we owea 
large number of improvements in the 
graphic method of recording, and he in- 
vented the air-transmission of movements 
to a recording tambour. As Stirling said, 
‘England gave the impulse, Ludwg 
wrote the blood pressure in terms of milli- 
metres of mercury, the transmission of 


movements was in the air, and Marey 


made the air subservient to the trans — 


mission of movement.’ From recording 
movements in these ways we could pass 
to electrical, photographic, and optical 
recording, in a multiplicity of combina- 
tions among themselves and with other 
techniques, but I need not dilate upon 
these, for they are well known to you, of 
indicate their general trend, which 3 
obvious. Many of you were present at 
the Annual General Meeting of the 
Physiological Society on March 10 of this | 
year, and remember Sir Henry Dale's} 
brief speech, made after his election to the 
Society’s honorary membership. He fore: | 
cast his attendance at some future meeting 
when the recording of an experiment 
would all be done by the pressing down 
of appropriate switches and when one of 
the older members present, seeing him, , 
would turn to his juniors and say, ‘ Thats 
old Dale. He used a kymograph !’ 
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I can appropriately conclude this sec- 
tion with some words from Verworn. 
‘It is,” he wrote, ‘ superfluous to enumer- 
ate single methods which can be employed 
in physiology. All methods that the 
special research demands at the moment 
are useful. Physiology must constantly 
return to the standpoint that made so 
fruitful the labours of Johannes Miller. 
Throughout his whole life, Miiller de- 
fended practically and theoretically the 
view that there is not a single physiological 
method, but that every method is right that 
leads to the goal. He always selected the 
method in accordance with the problem 
of the moment, never, as so often happens 
to-day, the problem in accordance with 
the method. The problem, not the 
method, is indivisible ; for the solution 
of the problem the physiologist must em- 
ploy, as the special purpose demands, 
alike chemical, physical, anatomical, em- 
bryological, zoological, botanical, mathe- 
matical, and philosophical methods ; but 
all should lead to one goal, the investigation 
of life.’ 
fe my address this evening I have given 
you a very abridged account of parts of 
the story of our science from 1851 to date. 
If you will integrate it with the other 
publications which I mentioned near the 
beginning, it will become a more balanced 
whole. But even then you will not have 
the full and truly amazing record of what 
has been accomplished during the period 
under review, for that record cannot be 
compressed into two to three hours’ 
talking time. If, however, you will read 
through a textbook of the middle of the 
nineteenth century and compare its con- 
tent with that of a current one, you will 
quickly assess what has been achieved since 
our science became independent, and you 
willnot, I think, regret giving up a few hours 
to the study of your subject’s evolution. 

Should you be prepared to give longer 
than this to historical reading, you may 
actually save time by so doing, for the past 
story contains examples of misdirection of 
effort (including at least one instance in 
which it was both widespread and long- 
lasting) due to ignorance of the literature, 
and future examples will be excluded only 
if we are more thorough in this respect 
than were some of our predecessors. 
should we too readily imagine that the 
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trend in current physiology is invariably 
or completely progressive. Sir Oliver 
Lodge (1925), on the basis of a consider- 
able amount of evidence, wrote that 
science may have no more openminded- 
ness than any other profession. ‘It can 
also be urged that scientific method has 
no monopoly of the avenues of truth. 
A verifying hypothesis may dawn on the 
mind intuitively, aesthetically, and in 
other ways; and verification may be 
forthcoming from common experience.’ 
T. H. Huxley (1894) also reminded his 
readers that ‘ the ablest of us is a child of 
his time, profiting by one set of its in- 
fluences, limited by another.’ 

I should, further, like to quote a remark 
by Murray (1925), a lay historian of 
nineteenth-century science. He concluded 
that ‘if the brain of the scientist is 
present, the inspiration of the poet must 
also be present—if any great discovery is 
to be revealed to the sight of mankind.’ 
In this connection, it is not irrelevant that 
the first two physiologists to become 
President of the Royal Society, namely, 
Sir Charles Sherrington and Sir Frederick 
Gowland Hopkins, were no mean poets,! 
Sir Frederick Banting and others were 
considerable artists, Otto Loewi’s erudi- 
tion and cultural interests are apparent 
in every address that he gives, and so 
forth. It seems that the outstanding 
physiologists have a general quality of 
greatness and that their pre-eminence in 
our science is but one facet of a many- 
sided, seemingly ‘ effortless superiority.’ 
When Sherrington was in his ninetieth 
year, he produced his outstanding, and at 
the same time exquisitely written, fore- 
word to the 1947 edition of The Integrative 
Action of the Nervous System; seven years 
and one year respectively before that he 
had amazed us with Man on his Nature and 
The Endeavour of Jean Fernel ; both before 
and after he has written authoritatively 
on Goethe ; finally, now aged 93, it is 
definitely he, rather than his visitor in 
Eastbourne, who dominates the conversa- 
tion, and he is more au fait than one would 

1 Walter de la Mare, I think, described The 
Assaying of Brabantius as the finest book of poems 
ever written by a scientist, and the extra poems 
found in the second edition merely strengthen that 
Hopkins’ main characteristics have 


been happily detailed as ‘ a dominating intellect, a 
deprecating soul, intuition, and artistry.’ 


U 
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think possible with current happenings in 
physiology. Had he been borna mere seven 
years earlier, I feel that this address would 
have been about him and his work rather 
than about the century of physiological 
progress to which he has so largely con- 
tributed and in which his personality has 
exerted so great and beneficent an 
influence. 
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To get in perspective a picture of the 
future one must first sketch in the past and 
draw the present in some detail. 

Despite recurring attempts by our fore- 
fathers to rouse interest in sodium, mag- 
nesium, sulphur and even iodine, the 
story of the past is best told in terms of 
nitrogen, phosphorus and potash. This 
can be done in graphs comparing the pro- 
gress of those three plant foods in the 
United Kingdom and in the world. It isa 
story of steady growth. I believe that the 
growth will continue, that we can foretell 
the future by projecting the past, and that 
any departure from the normal will be 
compensated. By ‘normal,’ I mean an 
annual increase of about 4 per cent. and I 
do not regard this as arbitrary or as 
accidental. I maintain that experience 


has shown that this is the rate of increase 
appropriate to improved techniques, that 
is the combined techniques of the fertiliser 
maker, the machinery maker, the plant 
breeder, the stock breeder, the soil chemist 
and, above all, the farmer. 

This growth of fertiliser consumption 
has its complement in yields of farm crops 
and it is important to note this because 
some of the present troubles and future 
changes are bound up with it. We in the 
United Kingdom and in much of Western 
Europe are in an era of high farming. The 
world has known high farming before but 
except for small areas and brief periods in 
which fertility was maintained by the by- 
products of a city or by the farm products 
of another country, high farming in history 

meant soil mining, cashing in on 
accumulated fertility but not replacing 
minerals sold off the farm. High farming 
snot new in this country but it is different; 


it is now nearer to being universal. It is 


*Paper read to Section of Agriculture on 
August 9, 1951. 


FERTILISER TRENDS AND FUTURE 
PROSPECTS’ 


by 
H. V. CUNNINGHAM 


not confined to the few favoured districts 
in which fertility was maintained by the 
heavy feeding of mature animals with 
imported feeding stuffs. What a wealth of 
elements major and minor our fathers 
brought from the ends of the earth in the 
shape of feeding stuffs, and put on their 
land through the bullock and the sheep. 
But now with a greater toll of minerals 
being sold off the land each year in crops 
and stock and stock products the skill of 
the fertiliser manufacturer is indeed being 
tested and will be tested more severely as 
higher yields take their toll of the soil 
indiscriminately. 

Even now we are not compensating 
by fertiliser application of nitrogen and 
potassium for the annual loss through crops 
and through leaching. This is particularly 
so for nitrogen the use of which should be 
limited only by the resultant rate of loss, 
or of replacement, of the complementary 
elements—both major and minor. 

Even this limitation does not apply in 
certain circumstances, for forage crops, 
especially grass, have a great facility for 
turning fertiliser nitrogen into protein 
during the later stages of growth and rela- 
tively large dressings can be applied then 
without putting any serious drain on the 
mineral resources of the soil. To the extent 
that this is the case we may well deduce 
that the limit for nitrogen consumption 
is not in sight so long as this country has 
to pay anything like the present world 
prices for imported protein. 

But with phosphorus the reverse is the 
case. In the United Kingdom we are 
putting on the land about 166,000 tons of ° 

hosphorus a year and we can account 
for only half of this as sold off it. Even if 
we ignore the contribution from feeding 
stuffs which is quite substantial, or assume 
that it is needed for ‘ building up fertility ’ 
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the surplus of phosphorus applied as 
fertiliser is costing this country about 
£24 million a year in imports. This is a 
measure of the inefficiency of present 
methods. And yet the moment we try to 
do without we suffer for it. France carried 
out—involuntarily—a large scale experi- 
ment in phosphate economy during the 
years 1940-45, and by the end of that 
time the symptoms of serious phosphorus 
deficiency were written large over the face 
of the land, in her crops, her livestock and 
her human population. The problem 
provides a perpetual challenge to science. 

In this brief survey and in the rest of this 
paper, I have omitted reference to the 
important element calcium because though 
a major plant food, it is put on the land in 
quantities far in excess of the amount 
removed by crops and stock, for the purpose 
of maintaining or improving the fH status 
of the soil and this purpose and this need 
and the way of dealing with it are so well 
established that I foresee little fundamental 
change. 

Of the minor elements I will mention 
only manganese because the accepted 
method of correcting a deficiency is worth 
noting—100 lb. of manganese sulphate 
per acre or 20 lb. if applied as a spray. 

Attempts have been made to deal with 
the danger of minor element deficiency 
with ‘ blunderbuss’ mixtures containing a 
little of everything but the blunderbuss is 
not a weapon of precision and it is waste- 
ful and it is dangerous. With it we may 
hit what we don’t mean to hit. So no one 
now applies minor elements to crops 
unless a deficiency has been diagnosed or 
there is good reason to expect one. The 
result has been that a greater skill has 
developed in spotting the need for, say 
manganese than for potash or phosphorus 
largely because these needs are still met with 
what is in effect a type of ‘ blunderbuss’ 
mixture, the compound fertiliser. Of the 
money spent on fertilisers in this country 
70 per cent. is used to purchase compounds. 
It may be that this is correct practice 
economically ; certainly it is not correct 
scientifically. It may be that more 
scientific habits would prove to be im- 
practicable and that farmers in this 
country have in their own way found the 
best way but it behoves us to examine it. 

A farmer who buys a compound fertiliser 


to-day gets one in which the proportions 
of nitrogen, phosphorus and potash are 
those proved by practice to give, unde 
average conditions in his locality, the best 
chance of an optimum crop in terms of 
quantity and quality. It is in convenient 
physical form and he puts it on in one 
application. I believe it to be without 
doubt that this is a better, cheaper and in. 
deed a more scientific practice for a farmer 
than buying three or four ingredients 
and incurring the expense of mixing and 
the risks of setting, of hygroscopicity and 
of faulty mixing. But is it always the best 
practice to apply all three ingredients in 
one application ? 

Recent work on fertiliser placement 
gives us a line on this. Fertiliser placement 
has been a subject of practice and of 
experiment since fertilisers were first 
introduced. There are not many records 
but it is impossible to believe that our 
restless, speculative Victorian forefathers 
were not constantly trying new ways— 
prior application and harrowing-in versus 
top-dressing and so on. One evidence of 
it is in the custom long since established 
in many districts of putting potato fertiliser 
in two bands in the drill ; another is a 
machine I saw on the farm of the late Mr. 
Maddy—it had not been used for many 
years but he could still remember that with 
its use, turnips never failed to come 
quickly to the hoe. It was a 3-horse 
machine sowing 4 drills with a slurry of 
superphosphate which was joined in the 
delivery spout by a trickle of turnip seed. 
Hopelessly extravagant because of the 
water which had to be carted but a good 
example of combine drilling. Now we have 
as an established practice combine drilling 
of grain and fertiliser but, except on some 
soils notoriously deficient in potash, the 
most notable benefit has been a 50 per 
cent. economy in phosphorus. Probably 
most of the fertilisers so applied are 
compound, and there is an economy i 
applying the nitrogen and the phosphate 


together provided the total amount of 


fertiliser required does not exceed 3 cwt. 
per acre which is the largest dressing 
which can be applied with the seed under 
average conditions without damage to 
germination. But conditions are not 
always average and is the economy worth 
the risk ?. Would it not be better to apply 
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only the phosphate with the seed and the 
nitrogen as a topdressing, perhaps much 
later, perhaps during subsequent cultiva- 
tions against weeds ; perhaps with better 
results from the nitrogen ? Have we here 
a possible and admittedly partial cure for 
the inefficiency of phosphate fertilisers ? 
Anyway let us continue to experiment 
with smaller and smaller quantities per 
acre and in different forms till our advisers 
are armed with a mass of information on 
this relatively simple problem and can tell 
afarmer just how little is required for each 
crop on his particular land to get the best 
result. 

The potato is a crop which is so well 
accepted as needing nitrogen, phosphorus 
and potash all in relatively massive doses 
that placement experiments have been 
largely done with compounds and have 
been concluded to the stage that in a band 
or bands to the side or slightly below the 
set is accepted as best practice and it only 
remains to keep on improving machines 
todo this. But is it right? Would it not 
be better to put on half or one-quarter the 
phosphate with the seed potato as a de- 
velopment of the modern potato planting 
machines? The nitrogen might be better 
as a topdressing when ridging up ; and as 
for potash, the sulphate form is so expen- 
sive and scarce, that the chloride form 
might be better put on some weeks before 
planting or even when ploughing. 

Any movement in this direction might 
have far-reaching effect on the kinds of 
fertiliser used. Present practice in the 
United Kingdom has established sulphate 
of ammonia as a source of nitrogen and 
superphosphate as a source of phosphorus 
because nothing better has yet been dis- 
covered and because the two blend well 
together. They form the basis of the great 
bulk of the compound fertilisers in use 
to-day. But if suitability for mixing ceased 
to be important might not ammonium 
titrate in convenient condition protected 
from the weather or urea prove to be more 
suitable? They both have the desirable 
feature of being more concentrated forms, 
thus providing a saving in transport and 

dling which would make them welcome 
always provided first cost was as low per 
ton of nitrogen. There may be other even 
more exciting forms—potassium nitrate for 
txample. Perhaps the potash brought to 
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the surface in Yorkshire may be treated 
with nitric acid to form a highly concen- 
trated source of plant food which could 
stand a lot of carriage. 

The phosphorus alternatives are not so 
easy to discuss but first let me say that if 
superphosphate continues to be the ap- 
proved form, it would have to be granu- 
lated for easy and accurate combine 
drilling. But what of superphosphate? 
It has held the field unchanged in essence 
for over 100 years and still the best that 
can be said of any alternative is that it is 
as good as superphosphate. No way better 
or cheaper for turning phosphate rock into 
a good fertiliser has yet been discovered 
and yet as we saw at the beginning 
of this paper it is shockingly inefficient. 
Perhaps we should learn from Mr. Maddy 
and extract the water-soluble phosphate 
and, instead of putting all this powder or 
these small hard lumps on our land, treat 
our seed, whether grain or potato, with 
a quarter or one-fifth the amount of 
phosphorus as a liquid dressing. Perhaps 
the same practice should be followed with 
nitrogen and potash but applied later as 
a spray to the foliage. If manganese is an 
example, startling economies might be 
effected. Practice in the next generation 
may be minute dressings with the seed to 
achieve early growth followed by acute 
well-informed observation for signs of 
deficiency to be corrected with an appro- 
priate spray. Once establish that a 
deficiency can still be corrected even when 
it has become sufficiently noticeable to be 
diagnosed and the decision to spray would 
become as routine on a farm as the decision 
to sow or to harvest. Or perhaps there 
would be a big development of indicator 
plants calling for a lot more research to 
find convenient truth-telling annuals. 

Speculation is good for us, and, I hope, 
stimulating but some may think it is time 
I got back to earth. They will point out 
that we are discussing not minor de- 
ficiencies but major plant foods and that it 
is not conceivable that all the phosphorus 
and potash removed from our soils by the 
practice of agriculture could possible be 
replaced in homeopathic liquid doses. 
But that hardly enters even my speculation. 
The basic slag would still be applied in 
massive doses in solid form, and ground 
phosphate and ammonium phosphate 
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either straight or compounded and new 
kinds which will be discussed later. 

The feature common to all new kinds 
of fertilisers is concentration. Modern 
superphosphate is 50 per cent. more 
concentrated than that made by Lawes. 
The normal grade sold now in the U.K. 
contains nearly 8 per cent. phosphorus ; in 
Australasia with Nauru and Ocean Island 
phosphates, superphosphate is made with 
more than 9 per cent. phosphorus, and 
for many years now superphosphate has 
been further concentrated by eliminating 
the calcium sulphate and so raising the 
phosphorus content to 20 per cent. In 
America and in this country, this is called 
triple superphosphate. But triple super- 
phosphate is not the last word in concentra- 
tion. Compared with its 20 per cent. 
phosphorus, monammonium phosphate 
has 24-5 per cent. and during the war we 
were indebted to America for some T.V.A. 
made calcium metaphosphate containing 
27 per cent. 

There is an interesting point which may 
be noted in this story of concentration in 
phosphate fertilisers. Increased concentra- 
tion carries with it greater chemical 
process investment and expense. In a 
small country such as this the economics 
of concentration are not particularly 
favourable, since the distances over which 
the finished fertilisers have to travel are 
not great. Even so, with the rapid rises 
in recent years in the costs of packaging, 
handling and transport, the economic 
radius of ordinary superphosphate is 
shrinking and concentration as exempli- 
fied by triple superphosphate and am- 
monium phosphate has become economic. 
But in a country such as the U.S.A. 
with indigenous phosphate, fuel and power 
and with great distances to cover, the 
economic circumstances are particularly 
favourable to the progress of concentra- 
tion, provided that the primary chemical 
processing is carried out near the phos- 
phate mines. American phosphates, after 
preparation, contain about 13 to 15 per 
cent. of phosphorus. On _ economic 
grounds there is every reason, therefore, 
to abandon the manufacture of ordinary 
superphosphate, which involves a dilution 
of phosphate, in favour of fertilisers of 
higher phosphorus content than the origi- 
nal raw material, so as to save transport 


costs all the way from the original ray 
material source. In fact the trend j 
already apparent ; the manufacturers of 
fertilisers are moving into mining, and 
ore preparation is being supplemented 
by chemical processing to concentrated 
fertiliser forms. The logical end of that 
road may be the preparation at the ming 
of 100 per cent. elemental phosphorus for 
distribution throughout the continent of 
North America to local points of fertiliser 
formulation. 

Relatively new are the nitrophosphates 
which analyse variously from 20 per cent, 
nitrogen and 9 per cent. phosphorus to 
12-5 per cent. nitrogen and 7 per cent, 
phosphorus. The processes for manufac. 
turing these fertilisers have the attractive 
feature that the nitric acid serves two 
functions simultaneously. Its chemical 
energy content serves to disrupt the apatite 
structure of the phosphate rock and its 
nitrogen content serves as plant food in the 
finished fertiliser. 

Progress in the more distant future may 
perhaps be expected not so much by the 
prosecution of processes to break down 
apatite in order to liberate orthophos 
phates as by the preparation from phos 
phate rock of more complex compounds 
of phosphorus which are more stable in 
the soil and less liable to be fixed than 
monocalcium orthophosphate. If so, there 
may ultimately prove to be a far better 
case than at present for the electro-thermal 
reduction of phosphate rock as a prelimi- 
nary step to the manufacture of condensed 
phosphates for use as fertilisers. 

But all these novelties will require a 
long period of probation both in factory 
costs and in agronomic effectiveness, the 
latter being especially important because 
of the inefficiency of present forms. It 
has been seen that one way to combat this 
inefficiency is to apply the fertiliser in a 
band so as to get a high local concentra- 
tion where it is most readily available. 
Many inconclusive experiments have been 
done to carry this theory a stage further by 
making relatively large granules or lumps 
but the evidence is too contradictory to 
offer hope for a solution along this line. 
Another line of research has been to find 
a form of phosphorus compound which 
would be sufficiently available to plant 
roots and yet relatively stable in the soil. 
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Examples are the sodium silico phosphates 
and the many forms of reverted super- 
phosphate in which, by the addition of 
substances such as ammonia or serpen- 
tine, the phosphates become insoluble in 
water but soluble in dilute acids. These 
have proved to be useful forms and to have 
sme advantages, mainly physical rather 
than agronomic, over straight super- 
phosphate but they have contributed 
nothing to reducing our extravagant 
phosphorus bill. So we return to con- 
centration which is economic, rather than 
agronomic in effect. 

In potash fertilisers we have muriate of 
potash containing over 50 per cent. of 

tassium which is a 97 per cent. pure 
salt so no further progress towards con- 
centration is possible along this road. It 
may be that growers will demand that 
we make potassium nitrate or potassium 
phosphate. At the moment both are hope- 
lesly uneconomic to manufacture as 
fertiliser but something of the sort might 
be needed if there is a development of the 
practice of drying grass and selling it off 
the land. A yield of 5 tons of dry matter 
in the form of dried grass removes the 
equivalent of 7 cwt. of muriate of potash, 
and it is doubtful if this quantity can be 
replaced in that form without damage to 
the grass. 

Nitrogen fertilisers have gone from 
nitrate of soda 15 per cent. (which used to 
be the world’s principal nitrogen fertiliser) 
tosulphate of ammonia 21 per cent. That 
in turn has rivals in ammonium nitrate 
35 per cent. and in urea 46 per cent. And 
now in America and in France pure 
anhydrous ammonia 82 per cent. nitrogen 
is finding a fertiliser use. It is under 
pressure and requires careful handling and 
special containers and injection equip- 
ment. It is the cheapest form of nitrogen 
available, but when the provision of 
storage and distribution depots, equip- 
ment and application are taken into con- 
sideration, the economic advantages of its 
high chemical concentration and low first 
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cost are not realised in normal agricul- 
tural practice in this country. So far it has 
found a use mainly for feeding into irriga- 
tion waters or for drilling into the soil for 
wide row crops such as maize, cotton and 
tobacco. 

Two points in this concentration story 
are worth noting. First it has been made 
possible by the increasing skill and know- 
ledge of the users and by the vast improve- 
ment achieved and still being achieved in 
the machines for applying fertiliser to the 
land. 

Second, that sulphur might become a 
problem in agriculture if the future were 
to lie with forms of fertiliser which are 
sulphur-free. For example, in the years 
before the war the preferred fertiliser for 
the potato crop which was and still is the 
biggest fertiliser using crop was a mixture 
of sulphate of ammonia, superphosphate 
and sulphate of potash requiring for their 
manufacture per ton of products 43, 2} 
and 34 cwt. of sulphur respectively, so 
that a potato fertiliser put on at 10 cwt. 
per acre once in rotation might supply 
200 lb. of sulphur, enough to ensure a 
sufficient surplus of this element. Now 
there is no reason to fear a sulphur 
deficiency for any of our crops for many 
years to come but concentration tends to 
eliminate sulphur and if the potato fertili- 
sers of the future are made up of mixtures 
of ammonium phosphate, ammonium 
nitrate, urea, concentrated superphos- 
phates and potassium chloride, there may 
in time develop a dearth of sulphur in our 
soils. 

I end with a warning. Change cannot 
be but slow. New fertiliser products and 
new practices in the use of fertilisers must 
serve a long probation in terms of factory 
techniques and costs and in terms of agro- 
nomic and economic evaluation. What I 
have touched on is not a forecast of revo- 
lutionary changes, but the likely course 
of evolution. Present practices in this 
country are convenient, effective and 
highly profitable to agriculture. 
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THE PHYSICS OF PRECIPITATION AND 
THE ARTIFICIAL PRODUCTION OF RAIN’ 


by 


B. J. MASON 


The Physics of Natural Precipitation 


Most clouds consist of minute water 
droplets, which may remain in the (super- 
cooled) liquid state although the tempera- 
ture is well below 0° C.—the normal 
freezing point. This paper proposes 
various mechanisms by which precipita- 
tion may be released from such a cloud, 
remembering that a raindrop may be 10 to 
200 times larger in radius than a cloud 
droplet. These mechanisms are : 

(a) The cloud may contain a few drop- 
lets which are larger than average which 
will then fall relative to the smaller ones 
and so collide with them. Thus, a larger 
droplet will grow at an ever increasing 
rate by sweeping up the smaller droplets 
in its path, until it eventually falls from the 
cloud base as a raindrop. This mechanism 
will be capable of producing only drizzle 
in thin layer clouds, but may release a 
heavy shower from a deep vigorous, con- 
vective cloud, particularly in tropical 
regions and over the sea, where sea spray 
may supply the larger particles required to 
start the process. 

(b) If ice crystals and supercooled 
droplets co-exist in a cloud, the ice crystals 
will grow rapidly at the expense of the 
water droplets, which will evaporate. The 
snow crystals may grow to a diameter of 
several millimetres, several of which may 
coagulate to form a snowflake. Snow- 
flakes will melt on falling through the 0° C. 
level, to form raindrops. This mechanism 
is believed to be responsible for most of 
the steady precipitation from widespread 
layer clouds. 

(c) A falling ice crystal may sweep up 
supercooled droplets which will freeze on 
contact, to form an ice pellet. In a very 
deep shower-cloud this may grow into a 


1 Short text of a paper read to the Physics Section 
on August 10, 1951. 


large hailstone. Hailstones may collect s0 
much liquid water in falling through these 
towering, dense clouds that some may be 
flung off as large drops. 

If drops formed by this mechanism or by 
process (a) exceed 5 mm. in diameter they 
become unstable and break up into 
several fragments, each of which may 
continue to grow to disruption size and 
break up in their turn. Hence a chain- 
reaction is set up, the number of raindrops 
multiplying so rapidly that the upcurrents 
in the cloud can no longer support the 
accumulated mass of water which may 
now be released as a heavy shower. 

The release of precipitation may then 
be initiated by either ice crystals or larger 
water droplets. If there is a deficiency of 
such agents precipitation elements will not 
develop. The aim of artificial rain-making 
experiments is to remedy this deficiency. 


The Artificial Stimulation of Precipitation 


Ice crystals may be absent in a cloud 
whose droplets are colder than 0° C. 
because small seeds (ice-nuclei) are re- 
quired to make them freeze. There are 
very few natural nuclei which can initiate 
freezing at temperatures higher than 
—10° C., so that a cloud with summtt- 
temperature higher than this may be pre- 
vented from precipitating. Attempts have 
been made to introduce ice nuclei into the 
cloud artificially by dropping small pellets 
of solid carbon-dioxide (dry ice) from air- 
craft, or by disseminating silver-iodide 
smoke from generators on the ground. A 
pellet of dry-ice 1 cm. in diameter will pro- 
duce about a billion ice crystals so that a 
few pounds is sufficient to seed a large 
cumulus cloud. One gramme of silver 
iodide will produce about 10’? minute 
crystals, the particles being taken up into 
the clouds by convection currents. Silver 
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jodide crystals having a structure close to 
that of ice form particularly efficient ice- 
forming nuclei. 

The seeding of cumulus clouds with 
water droplets is a very recent develop- 
ment. The most efficient method is to 
spray small droplets into the base of a 
growing cloud, to provide the large drop- 
lets that are necessary to start the coagula- 
tion process. This technique promises to 
be the most efficient method of inducing 
precipitation from shower-clouds. With re- 
gard to the results of artificial rain making 
experiments there has been a distinct 
tendency to draw spectacular conclusions 
on the basis of too few observations 
and without adequate control experi- 
ments. Many cases have been reported, 
however, of rain falling from clouds a few 
minutes after seeding. Although in any 
particular case, it is not possible to ascer- 
tain that this would not have happened 
without seeding (for it may be only that 
natural processes have been anticipated 
a little), in some 100 careful dry-ice ex- 
periments carried out in Australia, rain 
was observed to fall from seeded cumu- 
lus clouds, while similar clouds in the 
immediate neighbourhood produced no 
precipitation. Since, for high probability 
of success, the top of a cumulus cloud must 
be colder than —7° C. when seeded with 
dry ice, and rain is likely to fall naturally 
ifit is colder than —12° C., there is only a 
narrow range of conditions in which seed- 
ing with dry ice is likely to be of value in 
producing showers. The position is even 
more unfavourable in the case of silver- 
iodide which suffers the additional dis- 
advantage that it becomes inactive for ice 
formation after exposure to strong sunlight 
for about one hour. Theoretical calcula- 
tions indicate that spraying small water 
droplets into the base of the cloud should 
be a much more efficient method of 
releasing showers, and the fact that 10 out 
of 11 such attempts recently made in 
Australia were successful, supports this 
belief, 

In seeding layer-clouds with dry ice 
there is always the danger of ‘ overseeding’; 
the cloud is then completely transformed 
into small ice crystals which are too small 
to fall out. A cloud in this condition is 
Incapable of producing rain. This danger 
s much reduced with the silver-iodide 
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method since it is disseminated by the air 
currents and reaches the cloud base in 
only small concentrations. This method is 
being used on a large scale in the U.S.A., 
some 200 million acres being under con- 
tract. It is claimed that seeding has in some 
cases doubled the normal rainfall over a 
period of months, but such claims based on 
only one season’s experiments cannot be 
taken too seriously. An accurate assess- 
ment will be possible only after extended 
trials in many different regions, comparing 
the precipitation on a statistical basis with 
that produced naturally in corresponding 
control areas. 


Economic Importance of Cloud Seeding 


There is little doubt that precipitation 
may be released by seeding techniques. 
The important questions are how much 
can be so released which would not fall 
naturally, and whether the time of release 
and hence its distribution can be altered. 
The maximum amount of rainfall which 
could be expected from a deep shower 
cloud would be about 0-25 inch, spread 
over an area of a few square miles. Layer 
clouds will produce very little precipita- 
tion unless they are very thick, in which 
case their tops will generally be cold 
enough for precipitation to be released 
naturally. It is possible that by seeding 
the onset of precipitation from a cumulus 
cloud may be advanced by a few minutes 
and from frontal cloud systems by perhaps 
a few hours. This might be of importance 
in increasing the rainfall in a limited area, 
although judging the optimum time for 
seeding would in most cases be very diffi- 
cult. It seems very unlikely that the rain- 
pattern over large areas can be effected by 
cloud seeding, although local modifica- 
tions may be effected. Suggestions of 
seriously influencing the weather on a 
large scale by such methods come mainly 
from non-meteorologists, who have failed 
to take the complex meteorological factors 
fully into account when interpreting their 
experimental results. 

However, these seeding experiments 
may have local economic value and are of 
great scientific importance, and should be 
continued more methodically than hitherto 
in close collaboration with theoretical and 
laboratory work on the fundamental physi- 
cal problems. 


309 


1 
ct so 
these 
y be 
or by 
the, 
into 
may 
and 
ain- 
lrops 
rents 
the 
may 
then 
irger 
y of 
| not 
king 
Icy. 
loud 
re- 
are 
tiate 
han | 
mit- 
pre- 
ave 
the 
llets 
air- 
dide 
A 
pro- 
at a 
arge 
lver 
ute } 
into | 
lver | 


TECHNICAL EDUCATION IN THE UNITED 
STATES AND GREAT BRITAIN: SOME 
COMPARISONS 
by 


Da. 


Introduction 


In comparing different aspects of techni- 
cal education in the two countries, one 
must be continually mindful of a threefold 
difference in population, and a far greater 
difference in geographical factors ; of the 
very different histories, social and in- 
dustrial organisation of the two countries ; 
and the different educational background 
of the students attending reasonably com- 
parable institutions. When we try to 
abstract a lesson from American ex- 
perience we must make sure that it will 
apply in the contemporary British situa- 
tion. This is no easy matter, and we must 
not overlook the likelihood that an inde- 
pendent diagnosis of our position may 
prove more profitable than a borrowed 
remedy (1). 


The Scope of Technical Education 


In both countries technical education 
is provided in a variety of institutions 
and at different levels, but in the United 
States the distinction is more clearly and 
rigidly maintained between technologi- 
cal education and vocational education. 
Technological education is an educa- 
tion with a sufficiently broad scientific 
basis, especially in mathematics, physics 
and chemistry, required for those ‘ who 
are going to maintain, manage and 
develop industry ’ ; by vocational educa- 
tion is meant the training of technicians 
and those engaged in the crafts with more 
limited objectives and a primary emphasis 
on skills rather than on fundamental 
principles. 

In the U.S.A. there are no institutions 
strictly comparable with the British techni- 
cal colleges, either as local colleges of 
further education which the majority are 
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tending to become, or as regional technical 
colleges providing both kinds of education 
and with technological work to a high 
level. Reference should be made to an 
interesting survey of ‘ Engineering and 
Technological Education in _ Great 
Britain ’ (2) by Professor W. R. Woolrich, 
Dean of Engineering in the University of 
Texas, both for the intrinsic value of his 
own observations and also to illustrate the 
problem of nomenclature. It is when one 
tries to put exact interpretation upon such 
common words as technician and techno- 
logist, institute and technical college, that 
one realises the truth of Bernard Shaw's 
aphorism that ‘The English and _ the 
Americans are two peoples divided by a 
common language.’ 

The growth of technological education 
in the U.S.A. was not accompanied by an 


equal growth in vocational education. To ~ 


make good this deficiency, the American 
Engineers Council for Professional De- 
velopment has recently established a 
system of accrediting technical institutes 
specifically concerned with vocational 
education for technicians and craftsmen. 


This has been a welcome development, | 


but, if one reads the signs aright, this 
accreditation is also a segregation of this 
kind of work. 

In the recent controversy on higher tech- 
nological education in Britain, the point has 
frequently been made that such a separa- 
tion of vocational education should take 
place from the major technical institutions 
in this country. Certainly the expansion 
of professional and higher technologi 
work within an institution has usually been 
accompanied by a smaller expansion 0 


vocational work, and even by its neglect, i 
and American experience is similar. In | 
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Technical Education in the United States and Great Britain 


the British scene the separation may never 
be complete, but the trend is hardly to be 
denied. 


Technological Education 


Many of the bulletins or prospectuses of 
American colleges and universities con- 
tain statements asserting that they are not 
concerned with the narrower training of 
technicians. For example, one institution 
is asserted to be ‘ dedicated to the develop- 
ment of leaders in science both pure and 
applied, industry and public affairs— 
not to the training of technicians ’ (3). 

This statement is also typical in that it 
implies the two main aims of a creative 
competence in the chosen profession, and 
an essential and responsible contribution 
to the general life of the community. A 
technological training can enable a high 
competence to be gained in the science or 
technology : only a technological educa- 
tio can produce a fully responsible and 
well rounded member of society, enjoying 
his own life, and contributing fully within 
and without his work to the general welfare 
of his fellow men. This is the main theme 
of American technological institutions. 
In this they follow John Dewey who has 
long urged that the aim of professional 
schools should be ‘ continuous education 
in the social, moral and scientific contexts 
within which wisely administered callings 
and professions must function ’ (4). That 
these aims are essential to present-day 
society in general and industry in parti- 
cular is a faith proclaimed more often and 
more widely in the United States than in 
Great Britain, and a greater value is placed 
upon general education and social studies 
in the curricula for degree courses. While 
it is true that the differing standards of 
education prior to entry will account for 
part or most of the general education, it 
does not remove it altogether, and cer- 
tainly it does not remove the social studies 
from consideration. These wider aspects 
of technological education are often 
designated as education in the humanities. 


Education 
Studies 
What is so interesting is that the argu- 
ment for this kind of education is based 
Primarily on professional grounds. ‘ It is 
€ institution’s) duty to prepare its 
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in the Humanities and Social 


students for social responsibility and for a 
rich and complete life. But, important 
though these objectives may be, techno- 
logical and social problems are now so 
inextricably interwoven that the humani- 
ties and social sciences are essential com- 
ponents of a man’s professional education. 
Without an adequate cultural background, 
a technical specialist is no longer qualified 
for leadership in his own field ’ (5). 
There is a general expectation that ten 
years after entry into industry less than half 
of the graduates will be directly engaged 
in the technical work for which they had 
been trained. Their education should 
therefore be concerned with their needs 
in ten years’ time no less than when they 
leave. Then their competence will depend 
at least as much on their characters, their 
understanding of their fellowmen and of 
society, as on their technological capabili- 
ties. Admittedly a good deal will be 
caught by them not taught to them in 
those ten years, but an indispensable task 
for the educator is to create an awareness 
of what must be caught as well as taught. 
Acceptance of this task has two conse- 
quences—one, a minor though integral 
part of the time should be devoted to 
those ancillary studies throughout all 
technological courses. ‘The second con- 
sequence is the necessity of devising special 
‘hybrid ’ courses in which the social studies 
are more nearly of equal value with the 
technological, as, for example, in the 
degree courses in engineering and business 
administration. Neither consequence has 
been accepted in this country for full- 
time degree or diploma courses. As 
regards the first consequence the nature of 
one such course may be briefly indicated. 
After recent experience, the courses at 
the Massachusetts Institute of Technology 
are being revised into two main stages, the 
first two years being spent on a general 
study of ‘ Man in Society.’ The second 
stage (third and fourth years) are spent on 
certain elective subjects, all of which have 
great importance in the contemporary 
scene, for example, a case history of the 
formation of institutions in the U.S.A. ; 
the industrial revolution in England and 
U.S.A. ; Government and business in the 
U.S.A. ; International order and institu- 
tions ; development of democratic thought 
and history of ideas. A private report of a 
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Technical Education in the United States and Great Britain 


survey made by Professor J. B. Rae and 
Professor D. S. Ballantine (of M.I.T.) of 
similar courses in leading American 
institutions makes it clear that many 
interesting experiments are being under- 
taken in this field. 

In British technical colleges this aspect 
of technological education has not received 
the attention it deserves. This is certainly 
possible with the full-time Diploma 
courses, especially the newly established 
ones and, were it not for the rigours of the 
external examination system, it ought to 
be attempted in the degree courses. The 
problem of the part-time day degree and 
Higher National Certificate courses is far 
more formidable. Even here there is need 
and room for experiment by providing 
such courses as post advanced courses, 
especially by University Extra Mural 
Departments. Such part-time post- 
graduate courses would have the advan- 
tage of being given to older students 
with a potentially meaningful industrial 
experience. 


Immediate Technological Aims 


No precise line of demarcation can be 
fixed between pure and applied science, 
between science and technology. Not 
infrequently those trained in one field 
pass over to work in the other, and vice 
versa. This is a great advantage and 
should warn us against any attempt to 
establish rigorous mutually exclusive 
disciplines. 

Nevertheless there is a difference of 
approach and emphasis. This may be 
conveyed by the cryptic remark of one 
American chemical engineer in discussing 
the solution of a practical industrial prob- 
lem—‘ The scientist will solve it com- 
pletely, eventually : the technologist will 
have it working on a deadline’ (6). 
Professor Warren K. Lewis says, ‘ Our 
objective is the development of the capacity 
of the student when found with a new and 
unfamiliar situation, to handle it with a 
competence involving skill, initiative, and 
leadership.’ It was urged by many pro- 
fessors, and especially by those in chemical 
engineering, that this does not require the 
training of technologists to go to the finest 
limits of scientific accuracy in each funda- 
mental discipline in order to secure success- 
ful application of discoveries. Rather what 


is required is to create an awareness and} 
understanding sufficient to facilitate 
successful synthesis of the various disc). | 
It is an impossible task to become f 
expert in all disciplines. This question of f 


plines. 


applying general principles, qualitatively 
and quantitatively, within predetermined 
limits on a deadline is the essence of the 
training of the technologist, and it is this 
which leads to the great emphasis in the 
U.S.A. on industrial experience in one 
form or another. 


Range of Courses 


This emphasis on getting a job done on 
a deadline implies a great interest in the 
material or object produced, and so the 
term ‘engineering’ includes all those 
applications of science required for the 
manufacture of an end-product. The 
term engineering has a much wider 
application than in Great Britain and 
includes various technologies. There is 
therefore in the United States a greater 
differentiation of courses for degrees in 
engineering. 

The prestige and all pervasiveness of 
engineering has led to such self-contra- 
dictory concepts as ‘ human engineering, 
social engineering and the likes. Mention 
has already been made of the establish- 
ment of courses in engineering and 
business administration, and these have 
been described as courses in ‘social 


technology.’ They have justified them- | 


selves completely—both as regards the 
students who are primarily interested in 
people and management and less in 
initiating and developing processes ; and 
also as regards industry which, because of 
its increasing complexity and its social 
problems, needs such trained people. 
This is a very marked difference in pro- 
vision from the British system and we 
would do well to examine, not least in 
relation to our productivity problems, 
whether we have not a serious gap here, 
as it is not met by our existing courses. 
The other major difference in the pro- 
vision of courses is in chemical engineef- 
ing, which has developed greatly in the 
last thirty years, both in undergraduate 
and post-graduate schools. It is important 
to note that the undergraduate courses are 
regarded as indispensable. The view 18 
firmly held that without them it is not 
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ible to supply all the chemical engi- 


- neers required for the maintenance as well 


as the development of industry. It is not 
without significance that it is in American 
chemical engineering education we find a 
very special emphasis on works experience 
as an integral part of the course, and 
notably in the highly successful works 
practice schools. 

These courses are very acceptable to 
industry and have in turn received in- 
creasing support from industry. But they 
are only part of a significant difference 
between the two countries—namely, the 
greater accessibility of the highest posts in 
industry and elsewhere to educated tech- 
nologists. There is moreover a wider 
range of posts available and there are good 
indications that something like two and a 
half times as many trained people at a 
degree or comparable level are being 
employed in the U.S.A. as in Great 
Britain. 


Standards of Courses 


When one considers the inevitable 
differences in standards between courses in 
a variety of institutions in this country— 
between the universities themselves and 
with technical colleges—it is a formidable 
task indeed to try to gauge the standards 
in the more varied institutions and con- 
ditions of the United States. 

The reasons why such a survey should be 
undertaken are fairly self-evident, but 
one must not be overlooked. The numbers 
of degrees granted have been taken as 
indexes of the relative development of the 
systems of higher education in the two 
countries, and these have been used for 
comparative purposes with indexes of 
productivity. This does mean that a 
controversial assumption has been made 
as to the quality of the degrees which have 
been counted. It may be that the error 
involved in this assumption does not in- 
Validate the differences which Sir Ewart 
Smith discovered and the conclusions 
which he put forward in his paper to this 
section last year (7). But we ought to 
know what the differences are, or at least 
we ought to try to make valid comparisons. 

It would seem that the entry standards 
to degree courses are not less than one 
year below those to British degree courses 
and that the standards of the first degree 


are generally not higher than those of a 
British pass degree. Several professors 
with a knowledge of the British system 
went far beyond this and conceded up to a 
two-year difference in entry standards. 
The range of American higher institu- 
tions is so great and varied that it is well 
to realise that the powers of conferring 
degrees do not mean quite the same thing 
in the two countries. There are about 
1,890 institutions in the U.S.A. concerned 
with higher education and of these 1,294 
confer degrees. The work of these institu- 
tions is accredited by certain associations 
and of the 1,294 degree granting institu- 
tions mentioned only 810 are accredited 
by at least one of six regional bodies : of 
these 810 about 330 are recognised by 
Associations of American Universities, 
but these include teacher training colleges 
and other institutions which in this 
country do not grant degrees. The most 
important accrediting association is the 
A.A.U., the Association of American Uni- 
versities, which consists of some 32 graduate 
schools in the U.S.A. and 2 in Canada. 
The Educational Directory 1946-47 (U.S. 
Office of Education) lists 205 American 
chartered universities, accredited and 
unaccredited. Reference should be made 
to the standard work American Universities 
and Colleges, edited by A. J. Brumbaugh, 
(1948 edition) which gives some 180 such 
institutions all accredited. It is interesting 
that the term universities is shown [in 
inverted commas] thus ‘ universities.’ 
In this context, it is a quite misleading 
act of British modesty to omit Higher 
National Certificates from any comparison 
with American degrees. Nevertheless, 
though reduced, the force of Sir Ewart 
Smith’s argument remains powerful and 
we do well to give it urgent attention. 
Two points may be made in passing. It 
is often argued that the standards of 
American degrees must in many cases be 
low because of the low entry standards to 
the State universities. On the contrary, 
those of the faculty whom I met had a 
lively appreciation of the problem of 
maintaining standards and yet having to 
accept such a standard of admission as a 
social necessity. But a high percentage of 
the students fail the course, and frequently 
only about a third of those who enter 
succeed in gaining degrees. This may be 
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wasteful (in ours though not necessarily in 
their social situation) but it is not evidence 
of low standards. My other point is that 
among the faculties I found a widespread 
admiration of British grammar school 
standards, most of the expressions of it 
being entirely unsolicited, while some 
amounted to envy. Many if not most of 
these I met expressed regret that the 
present social situation in America does 
not permit the early selection of those of 
high intellectual capacity, a factor which 
affected the standards of their courses 
adversely. 

It would seem reasonable to suppose 
an approximate equivalence between a 
British Special Honours degree and an 
American Master’s degree. Indeed, one 
Dean informed his colleagues in my pre- 
sence that they were identical. But one 
should not overlook the fact that although 
most M.S. degrees preponderantly require 
lecture course work, the student does get 
some insight into research work through 
a limited practical experience. At the 
Ph.D. level, as far as I was able to judge, 
the standard in the best institutions is 
certainly not lower than that in Great 
Britain, though there is a difference in 
orientation, as again course work is largely 
required. 

In comparing courses it did seem that 
American ones tended to be _ over- 
organised and the students’ time to be 
over-scheduled. In asking about students’ 
timetables I was given quite calmly (by 
the Dean or Professor, not by the students) 
working hours of 45-58 hours per week. 
True, these totals included scheduled 
working time out of class, but it was 
scheduled and it was meant to be done. 
It seems efficient to specify exactly what is 
to be learnt in the course and exactly how 
the time is to be spent, but scheduled 
exercises, specified text-books with con- 
stricting references to paragraphs or 
chapters, do not encourage wide reading. 
There appears to be precious little time 
for reflection, although such time is 
precious. Admittedly we err rather in 
looking too little after our students, but 
the impression one gains in the States 
is quite the other way. Certainly the 
range and intensity of student counselling 
leaves the British visitor with very mixed 
feelings. 


Co-operation with Industry 


Co-operation between industry and the 
colleges and universities takes place in, 
rich diversity of ways, most of which ar 
familiar to us in Great Britain, though 
the balance of effort and expenditure js 
understandably different. Research spon. 
sored by industry has grown, though it 


by now greatly overshadowed by govern. | 


ment sponsored research. 

One feature of co-operation with in. 
dustry in this country is almost entirely 
lacking in the United States. This is the 
system of part-time day attendance at 
technical colleges during working houn, 
which now benefits some 241,487 student. 
employees a year. When I proffered in. 
formation on this point a remarkable 
variety of responses was evoked. Frequent 
among these was frank incredulity, com- 
pelling the characteristic question ‘ But 
how did you sell it to industry ?’ I need 
hardly add that the incredulity was not 
lessened when I added that the arrange. 
ment did not entail loss of wages, that 
most employers paid the tuition fees, and 
that the privilege was being increasingly 
extended above the age of 21 years 
In fact, the total of such students has 
reached 31,816. 

One related single feature of the Ameri- 
can scene is the co-operation between a 
few large firms and certain universities in 
respect of work done in postgraduate 
courses and research. A small amount of 
time off is given to students but generally 
by British standards the extent of such 
concessions is not impressive. In one 
particular case I was informed that ina 
period of 20 years of a total of some 6,000 
students who had attended the courses for 
credit towards a degree 16 had gained 
doctorates and 207 masters’ degrees. One 
cannot but wonder whether extended 
release, and particularly secondment at 
critical periods, would not have produced 
a bigger return. And this is not to imply 
that we ourselves could not do with mort 
release and many more secondments. 


Co-operative courses 

These courses are analogous to our 
‘ Sandwich ’ courses, and both are bas 
on the principle of planned industrial 
experience alternating with attendance at 
college over a four or five year period. 
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This type of education was first begun in 
1906 at the University of Cincinnatti and 
is now established in 29 institutions with 
sme 15,000 students and concerning 
about 3,000 firms. By British standards 
some of the units are very large, and in 
some cases form the whole basis of training 
of undergraduate students, as, for example 
at North Eastern University, Boston 
(3,200 students in engineering, chemistry, 
commerce and liberal arts) and North 
Western University Technological Insti- 
tute, Evanston (800 students in engineer- 
ing and chemical engineering). 

These co-operative courses secure an 
esential element in the training of practi- 
cal technologists by providing a realistic 
background of industrial working con- 
ditions to continued study. The realism 
isin working with people as well as with 
things, in industrial practices and the ways 
of administration, in experiencing at first 
hand the effects of dirty but essential work, 
of routine work ; in seeing at work the 
line of responsibility, and also the actions, 
wise and unfortunate, of both employers 
and trade unions. The employers very 
soon realise that here is a valuable means of 
section and recruitment of future staff. 
As for the students, one point of great 
appeal, not least because of the relative 
lack of scholarships and other aids to 
higher education in the U.S.A. is that he 
can usually earn most if not all of the 
money required to maintain him during 
the college periods. 

At the Northwestern University Techno- 
logical Institute, Evanston, Illinois, I spent 
some time going through an unselected 
batch of students’ reports of their period 


_ in industry, and it was time well spent. 


When the arrangements are working well 


_ ~and it is only then that the potentialities 


of the scheme should be judged—as in this 
particular case, one gets a lively response 
from the students in their reports, com- 
pounded as many were of records of work 
done, judgments and criticisms, and above 
all of their appreciation of the benefits and 
opportunities afforded in this training. 
Neither through these reports nor in talk- 
Ing to students did I get any feeling that 

ty were simply giving the answers they 

ought were expected of them. In one 
tase a strike affected the period of working 

one student and he stayed in, lived in 


in fact with the maintenance crew in this 
large works. This experience was far 
removed from full-time academic educa- 
tion, but it was remarkable what of perma- 
nent value he got from it. 

One point of general relevance to 
British practice is whether the student is 
to be regarded as being college-based or as 
works-based—that is whether the student 
is regarded as released from college into 
industry, or whether the student is 
essentially an employee released to college 
for study periods. Powerful arguments 
were advanced for the student to remain 
essentially a student during his industrial 
period. Otherwise the course cannot be 
planned as an educational whole. These 
arguments seem to apply only to schemes 
working badly, or they may be valid only 
in the context of American industry, 
which is so much bigger, and where there 
is not the same tradition of works-based 
co-operation as there is in England 
through part-time day courses. A college- 
based course entails a very large and 
expensive administrative staff if the place- 
ments in industry are to be secured and 
arranged. Not for nothing are the chief 
officers styled as professors, even though, 
strangely enough to us, they often do no 
teaching or research. 

We need both these and the traditional 
full-time courses. In arguing for a greater 
proportion of sandwich courses in the 
senior technical college, we should not 
follow American practice in having them 
wholly or even mainly college-based. In 
the different context of British industry 
and technical college education the 
balance seems to lie in favour of works- 
based courses (9). 


Works. Practice Schools 


The Massachusetts Institute of Techno- 
logy is the only exponent of this form of 
works education, and the first school was 
founded in 1930. ‘There are three under- 
graduate schools, widely dispersed and 
with very different backgrounds (9), and 
the students have 8 weeks’ experience at all 
three stations in each of two periods. They 
are given realistic problems and generally 
work in groups : in fact group working is 
regarded as anessential part of the training. 
During a 24-week period the students 
work on a total of about 8-10 realistic 
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problems, most of which have been 
suggested by the firm. It is not expected 
that the students should attain final 
results in all or even the majority of experi- 
ments, but experience shows that two or 
three dollar-saving or dollar-earning pro- 
jects result in the course of a year. The 
work is closely scheduled and there is a 
constant insistence on completing work 
on a deadline: nevertheless there is 
no absurd scramble for results and the 
primary emphasis is always on the method 
of attack of the problem. In this as in 
other kinds of work, no mutually exclusive 
attitude is maintained, and graduate 
students are trained by similar methods. 
By special arrangements with the firm the 
results are submitted as theses for higher 
degrees. Since the war M.I.T. has 
established another practice school at 
Oak Ridge. This is a graduate school run 
as a self-contained unit providing ex- 
perience in chemical engineering in the 
field of atomic energy. 

In the works practice school the student 
gains insight into the practical application 
of scientific principles, and learns that 
engineering is but part of the whole com- 
plex of industrial processes and relations. 
The college is not called upon to install 
large items of modern industrial plant and 
equipment, extremely expensive to pur- 
chase, to house and operate, and inevitably 
with an expensive obsolescence. "There 
would seem to be good reason for one 
such school being established in this 
country, especially in relation to the 
newer chemical industries. 


Technical Education and Research 


This is a vast topic deserving a paper to 
itself, and only a few points can be dealt 
with briefly. 

Research is organised and sponsored 
differently in the two countries. Since 
the war the overwhelming proportion in 
the U.S.A. is government sponsored and it 
is as if, in the large institutions, a local or 
even a main part of our Department of 
Scientific and Industrial Research were 
established as part of the university or 
college. The scale of such work is enor- 
mous and in the biggest institution it 
reaches a total of some $15 million this 
year, and may reach $27 million next 
year, 


Other research is sponsored directly by 
industrial firms in a variety of ways: } 


special professorships, research fellow. | 


ships, grants for research and for equip. 


ment, by loans of equipment and so forth, | 


The overall assistance to research is about 
seven times greater in the U.S.A,, afte 
allowing as one must do in all such com. 
parisons, for the difference in population 
and relative costs. 

There appears no valid or sufficient 


argument for having a research foundation | 
with an institute of technology, and in one 


case it appeared a matter of historical 
accident. The separate body seems to be 
better and indicates strongly that there 
could be similarly advantageous arran; 
ments between British research instiiutes 
and senior technical colleges. 

It is not my concern to discuss research 
in British universities. In senior technical 


colleges in this country the research work | 


done is real and valuable, but the pro- 
vision is small and lamentably small when 
viewed against the American scene. En- 
couragement from industry here is far too 
small and one doubts if any greater support 
is forthcoming from the D.S.I.R. And 
what if one looks to the local authorities 
for significant support here? A recent 
statement by the Association of Educa- 
tion Committees (10) on ‘Technological 
Education ’ gives one the impression that 
technological education is mostly a matter 
of courses, courses, courses, even though 
some be courses beyond degree level. Itis 
true that we read there that ‘ There must 
be full opportunity for the development of 
research in institutions undertaking ad- 
vanced technological study,’ but have the 
implications of this statement really been 
faced ? How many have established really 
adequate research scholarships? How 
many have established research demon- 


stratorships for students, a means of staff- | 


ing research projects which has proved 
invaluable in its flexibility especially in the 
U.S.A. ? How many have freed rooms 
from large elementary classes to equip 
them for a few and very expensive research 
students ? How many will be willing to 
appoint several additional highly qualified 
staff at high salaries in order to reduce 
staff timetables and facilitate the vigorous 
prosecution of research ? How many 

look only to industry and the D.S.LR,, 
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hoping to recoup all additional costs from 
| these sources ? 
Without research technological educa- 
tion to degree standard is very apt to be- 
| come repetitive and sterile: research is 
not something added almost as an after- 
hought but is a vital prerequisite. There 
as been much confusion in recent thought 
about higher technological education. 
Technological education is provided in 
many places up to degree level, but it 
should be clearly grapsed that higher 
technological education begins after the 
first degree not before it. This higher 
technological education can be provided 
through courses and through research : 
‘th are essential but there is no doubt 
sia, the courses are much easier and 
cheaper to provide. Research is funda- 
mentally necessary and the financing of it 
is fundamental too. ‘The issue cannot be 
burked : if the local authorities and the 
Ministry of Education with or without 
them, cannot face and speedily solve this 
financial problem of research it is folly to 
speak of bright prospects for advanced 
technology in such institutions. The 
Percy Committee Report indicated but 
did not name some 26 institutions as 
being likely to be recognised institutions 
of higher technology. Interpreted in the 
sense of providing courses in higher tech- 
nology in conjunction with local industry, 
this number may be reasonable: but in 
terms of providing considerable research 
facilities and securing sufficient highly 
qualified staff this number is likely to be 
reduced to not more than half. ‘The re- 
sources material and intellectual required 
for modern research cannot be spread in a 
microlayer over a system of education, if 
effective use and full value to the com- 
munity are to be secured. 


Staff and working conditions 


Good work deserves good conditions 
and should get them. ‘This applies to 
conditions under which teaching takes 
Place: even without any visit to the 
State, a glance through a_ recent 
American publication on ‘ Laboratory 
Design’ (12) will show what great im- 
Provements are still required. This 
applies to staffing conditions, including 
secretarial assistance which in the U.S.A. 
on a far more adequate scale. 


The average ratio of staff to students is 
about one to twelve and in a few, including 
research demonstratorships, is as low as 
one to eight. Again I am not concerned 
to discuss British universities, but I do 
know that these ratios are a great advance 
on the ratios in senior technical colleges. 
Owing to the incidence of part-time work 
it is difficult to calculate an accurate 
figure, but I very much doubt if the ratio 
is less than one to sixteen. Certainly a 
comparison of teaching hours of staff 
teaching a comparable standard of work 
reinforces this impression. Not wishing 
to make too favourable a comparison I 
leave full professsors out of account. I 
commonly found associate professors with 
6-9 contact hours of teaching, assistant 
professors with 9-12 and instructors doing 
about 15 hours per week. These are the 
times in institutions where the staff are 
expected to maintain the vitality and 
quality of their teaching and general work. 
Another striking difference is the extent to 
which staff are both permitted and en- 
couraged to undertake consultative work 
in industry. An equivalent of one day per 
week is generally considered to be a 
reasonable time : there is great flexibility, 
staff are treated as responsible adults in 
the matter and there is rarely any abuse. 
This is lucrative to the staff but equally 
there is no doubt of the value of the 
arrangement to the institution in increased 
prestige, in better relations with industry, 
in securing staff from industry, in sources 
of research problems and facilities and in 
placement of students. 

Not the least of the advantages, and 
again a very big difference from British 
technical college practice is the very much 
readier interchange of teaching staff 
between industry and college. Indeed no 
one can hope nowadays to gain promotion 
in a technological department without 
several such transfers, and making a 
significant contribution either by research, 
or technologically, or administratively in 
each phase. Against this background the 
British position is unduly rigid. In the 
American institutions it is rare indeed for 
an appointment to the staff to be made 
permanent under three years, and the 
provisional period is quite commonly as 
long as seven years. Perhaps the con- 
ditions of tenure of staff in our*technical 
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colleges have followed those of the primary 
and secondary schools too closely for the 
general good of what after all is very 
different work. 


Conclusion 


How best to spend his time is an acute 
problem for any visiting scholar, especially 
to a country so large and so varied as the 
U.S.A.—shall he attempt to cover the 
whole ground or shall he dig deep? 
Shall he visit some twenty institutions or 
shall he be firmly based in three or four ? 
How best shall he avoid the errors of 
superficiality or those of partiality? My 
own experience favours an extended stay 
at a few institutions, and I am glad that 
the Fulbright Committee prevailed against 
my initial inclination to cover as much 
ground as_ possible. Covering ‘other 
ground ’ was not overlooked, but it was 
done selectively on the very pertinent 
advice of those in the main institutions 
when I had got to know them well and 
they had come to understand my parti- 
cular background and requirements—all 
of which takes time. 

I wish to pay tribute to the hospitality 
and generous help accorded to me in the 
United States. First and foremost I 
would express my gratitude to President 
James R. Killian and his staff of the 
Massachusetts Institute of Technology, 
which was my host institution. My stay 
there was a most interesting and also a 
delightful experience. 

My second main stay was at the North 
Western University Technological Insti- 
tute, Evanston, Illinois, and my cordial 
thanks are due to Dean O. W. Eshbach 
and his staff. Among other institutions at 
which I was also most kindly received 
were North Eastern University, Boston; 
the University of Illinois, Urbana ; the 
{llinois Institute of Technology, Chicago ; 
the University of Pittsburgh and the 


Carnegie Institute of Technology, Pitts. 
burgh ; the Mellon Institute for Industria! 
Research ; and the Case Institute of 
Technology, Cleveland, Ohio. 

My grateful thanks are due to the US. 
State Department Educational Commis. 
sion for the Fulbright and Smith-Mund 
Awards and for the most interesting 
instructive and delightful visit which they 
thus enabled me to make. 
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SOME SOCIAL CONSEQUENCES OF THE 
AEROPLANE’ 
by 
Dr. E. WARNER 


Ix the whole history of the transport of 
passengers and goods, over at least 2,000 
years, there have been three revolutionary 
changes. All three have followed the 
Industrial Revolution—the application of 
steam to watercraft and railways, the 
application of the internal-combustion 
engine on the highways, and the coming 
of flight. All three brought increases of 
peed. The last two, the motor-car and 
the aeroplane, brought swift, efficient 
and comfortable travel. The third alone, 
the aeroplane, has emancipated overland 
transport from the need for a permanent 
way, 

In ocean liners and in railways, the 
combination of speed, economy and con- 
venience has been attained only through 
the use of very large units. In railway 
operation such a combination could be 
attained only on heavy rails and a heavily 
tallasted permanent way, expensive to 
build and expensive to maintain. In the 
aroplane, on the other hand, as in the 
motor-bus and lorry, maximum efficiency 
and performance can be closely approxi- 
mated with vehicles of comparatively 
modest size, accommodating no more than 
forty or fifty passengers or the equivalent 
in cargo. 

Finally, the aeroplane, like wireless, 
and unlike all preceding instruments of 
werland travel and communication except 
uch minor elements as the homing pigeon 
and the heliograph, is independent of 
permanent way. Divisibility of the instru- 
ment into comparatively small units and 
independence of permanent way together 
pel flexibility. Together, they have 
nade it possible for the aeroplane to bring 
wift and efficient transportation to regions 
that scarcely had any organised transpor- 


‘Shortened version of contribution to a discussion 
_ Communications, Edinburgh, August 13, 


tation at all before the aeroplane came. 
With the coming of the aeroplane, the 
phrase ‘ remote places of the earth’ lost 
its meaning. Given the existence of a 
landing-strip, every place is accessible. 

In terms of social effect, air travel on 
business and air travel for personal 
reasons are quite separate cases, with 
distinct consequences. 

Both speed and cost must be considered, 
and they must be considered jointly, for 
cost reflects on the ways in which and the 
extent to which the advantages of speed 
will be utilised. Travel, the shipment of 
goods, and the movement of mail may be 
inhibited by time, or by cost, or by legal 
or physical barriers. The aeroplane, 
blessed by its lack of need for a permanent 
way, has substantially eliminated physical 
barriers as an obstruction to movement. 
Offering a speed at least three times the 
best that its rivals could offer, the aero- 
plane has largely eliminated considerations 
of time as a deterrent to travel or ship- 
ment. As for legal obstacles to interna- 
tional movement, much progress has been 
made in the last four years in reducing 
the delays, complications and expendi- 
ture involved in preparation for an 
international journey ; though we have 
still far to go before the legal aspects of 
international travel will have regained the 
halcyon state that they had attained 
in 1913. So far as the legal requirements 
deter, however, they operate in much the 
same fashion on travel by air and by other 
means. 

The economic limitations on travel or 
shipment remain. So far as personal 
travel is concerned, they do not operate 
especially against the aeroplane. If the 
aeroplane does not at the present time 
provide the cheapest possible form of 
travel, neither is it the most expensive. 
Its charges are bracketed between those 


319 


Some Social Consequences of the Aeroplane 


for the most luxurious and for the most 
austere accommodation for sea or rail 
travel ; but the economic limitations play 
a particular role in determining the use 
that will be made of air travel and the 
benefit that will be drawn from it, in that 
they limit the use made of speed. The 
cost per mile to travel by air is no higher, 
generally speaking, than by other means. 
The cost per hour is enormously higher, 
and that disparity has consequences. 

One does not ordinarily think of travel 
costs in those terms. Let me illustrate by 
an example. 

Students of town and country planning 
have sometimes foreseen that aircraft, 
and especially the helicopter, would have 
the effect of extending the suburban radius 
of metropolitan communities from the 
present figure of 30 or 40 miles to 100 
miles or more, with the city’s workers 
travelling through the longer distances 
in no more time than the shorter now 
require and the helicopters parked each 
morning in serried ranks on suitable city 
roofs. ‘Technologically, such a develop- 
ment is altogether possible for a reasonably 
near future. Time of travel would offer 
no obstacle to such an extension of the 
suburban radius ; but if the cost of travel 
were 4d. per passenger-mile, which is 
somewhat below the level of fares now 
generally prevailing for air travel in 
Europe, the cost for a 100-mile journey 
from home to the office and back would be 
something over £3 per day, and only 
a select minority of present season- 
ticket holders would be likely to find such 
an outlay acceptable. To bring such 
daily travel by aircraft into its own, the 
cost of air travel would have to be reduced 
to ld. a passenger-mile or less, and I can 
offer no promise of any early reduc- 
tion to anything like that level. Advances 
in aeronautical science and operating 
technique over the past twenty years have 
in general been more apparent in in- 
creases of performance and safety than in 
reductions in cost; and there seems no 
immediate prospect of further large reduc- 
tions in the fundamental costs of aircraft 
operation. 

The same factors operate on the 
temporary interchange of populations 
through tourism. There must be at least 
twenty million people on the North 


American continent who would like to 
spend at least a few days somewhere in 
Europe, and many more millions jp 
Europe who would be interested in making 
a brief visit to North America. There are 
other millions who would be eager to visit 
any of the other continents that might be 
named. Few if any of those large numbers 
would be unable to spare the time for a 
trip, now that the Atlantic can be crossed 
in twelve or fourteen hours ; but many of 
them are unable to spend the money. The 
number of millions who are actually 
travelling is correspondingly reduced, 
and the total travel across the North 
Atlantic at the present time, by ship and 
air combined, stands roughly at the same 
level as the total by ship alone twenty 
years ago (emigrant travel being elimi- 
nated in both cases). 

The economic factor is even more im- 
portant in relation to the movement of 
goods in large bulk than to the mass travel 
of passengers ; for freight charges by air, 
instead of approximating those by rail 
and sea as passenger charges do, are 
generally well above them. Only the 
goods that are capable of standing a high 
charge for carriage will be moved by air 
in substantial volume as a normal practice, 
pending further reductions of cost. 

Looking forward to a continuing in- 
crease in the volume of long-distance air 
travel undertaken for personal reasons, at 
a rate of increase determined partly by 
economic developments, and partly by 
popular taste, one can estimate the social 
effects of such a mass movement, and its 
effects on international relations, from 
present experience with the effects of 
large-scale travel over shorter distances. 
Many thousands of Britons now visit 
neighbouring continental countries, on 
holiday and on missions of self-improve- 
ment. Not nearly so many visit Thailand 
or Peru. Given air travel at its present 
speed or better, and a sufficiently low cost 
or a sufficiently increased income, Thailand 
and Peru could become nearly as acces 
sible as Switzerland is to-day ; and such 
benefits of improved international under- 
standing resulting from a large inter- 
mingling of populations as may already 
have accrued in western Europe could be 
diffused throughout the world. 

The actual magnitude of the benefits 
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will be determined in any case by the 
qualities of the people who are travelling. 
Travel is no assured panacea. ‘The 
travellers may come home with enriched 
understanding, or confirmed in the pre- 
judices that they took with them. 

Whatever personal misjudgments may 
be made, however, travel furnishes a 
frame into which all bits of knowledge 
gained by other means will thereafter be 
fitted. No one, I believe, can fail to read 
the news of London with improved under- 
standing, whether the news is read in the 
papers of Montreal or San Francisco or 
Buenos Aires or Sydney, after he has 
walked the streets of London, seen its 
crowds, and breathed its air, even for a few 
hours. What is true of London is doubly 
true, for the western traveller, of Singa- 

re or Manila or Colombo; for the 
greater the difference of cultural origins 
and traditions and atmosphere, the more 
helpful we find the frame of reference 
provided by personal contact. 

The easier travel becomes, the more 
important it is that the educational 
system, the newspapers and periodicals, 
and the guide-books indoctrinate the 
traveller properly before he starts; for 
air travel’s great promise of a more widely 
diffused personal knowledge of more 
different parts of the world carries with it 
some danger of superficiality, and that 
knowledge will be made shallower at the 
same time that it is broadened. The 
broadening of travel horizons by the aero- 
plane may be analogous to the enormous 
expansion of publishing, which has made 
more people read more books but re- 
duced the proportion of the total number 
of readers who have become thorough 
masters of a few ageless masterpieces. 

The best safeguard against the danger 
of superficiality lies in preparation for the 
travel, to facilitate quick absorption of 
the swiftly unrolling tapestries of novel 
sight and experience. In proportion as the 
costs of air travel decline in relation to 
the average personal income, and as the 
volume of air travel correspondingly 
Increases, the potential influence of the 
publishers of guidebooks and their con- 
sequential responsibilities increase. So do 
those of the agencies maintained to 
Teceive tourists and assist them. 

Intermingling of populations by travel 
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is supplemented by the intermingling of 
opinions through readier correspondence 
and the accelerated delivery of publica- 
tions. Britain’s weekly reviews now reach 
their readers in North America only two 
days after they appear in London’s book- 
stalls. America’s news-magazines make 
the opposite journey with equal speed. 
Even the daily papers reach _trans- 
atlantic news-stands with their contents 
still fresh. There is certain growth of 
mutual understanding in that exchange, 
and certain benefit in its increased volume 
and still quicker completion with further 
increases of aircraft speed. 

I have referred to the conditions that 
influence the extension of mass air travel 
over long distances, and to what I con- 
ceive to be some of the consequences that 
such an expansion will have. But there 
is another side to the question of social 
consequences and, I wonder, an even 
more important one. I believe that our 
actual customs and behaviour will be 
less affected by the travel of millions of 
people for pleasure or self-improvement 
than by the availability of the aeroplane 
to meet the needs of government and 
industry. The aeroplane as a vehicle of 
mass transportation will make its largest 
direct contribution to the totals of em- 
ployment provided and national income 
created ; it will provide pleasure, ex- 
perience and knowledge otherwise un- 
attainable to millions of travellers ; but 
it is as a carrier of people whose travel has 
nothing to do with pleasure that the aero- 
plane is producing its largest effects on 
political, industrial and social institutions. 

The aeroplane has enormously facili- 
tated centralisation and the personal 
exercise of authority over a wide geo- 
graphical area. It has made it possible 
for principals to meet in person rather than 
through deputies. It has tended to the 
replacement of the regional representative, 
responsible for a large interest within a 
defined area, by the functional specialist 
rushed to the scene as the problem in his 
particular category arises. As applied to 
that sort of travel, the economic factor 
becomes unimportant as a deterrent. 

In the closing phase of the first World 
War, the chiefs of state in western Europe 
and those allied with them across the 
Atlantic communicated by cable or 
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through permanently established em- 
bassies, with only the rarest instances of 
personal contact. When President Wilson 
came to Versailles, the limitations of 
transport cut him off for many weeks from 
the advantages of daily contact in Washing- 
ton as effectively as he would have been 
cut off from direct contact with European 
statesmen if he had remained in the 
United States. Twenty-five years later in 
another war, flights back and forth 
across the Atlantic for a few days of con- 
ference, or even to sit for a few hours in 
a single meeting, became commonplace. 
The political or military leader was at 
home to-day, 3,000 miles away to-morrow, 
at home again a couple of days thereafter. 
Students of diplomacy are by no means 
united in considering these hastily ar- 
ranged personal meetings as advantageous 
but they are one of the aeroplane’s effects, 
and we shall have to learn how to use 
them to advantage, and how to guard 
against any dangers that they may im- 
part, otherwise than by returning to an 
unrecoverable past. 

The converse of a possible centralisa- 
tion of control is a possible decentralisa- 
tion of activity. If it becomes possible to 
exercise close supervision from head- 
quarters, or from a national capital, over 
activities much more widely dispersed 
than could have been so overseen in the 
past, it also becomes possible to disperse 
over large distances activities which would 
in the past have had to be grouped to 
permit headquarters supervision. Air 
transportation’s influence in that sense 
may not be powerful enough to be evident 
in population statistics ; but, so far as it 
goes, I believe its influence will prove 
favourable to the growth of regional 
centres of medium size and a reduced 
concentration in the greatest metropolitan 
areas, especially in large countries. 

The aeroplane permits immediate res- 
ponse to emergency, political or industrial, 
and I rank that high among the indubitable 
benefits. If peace seems threatened, and 
the facts are in dispute, the members of 
a neutral commission of inquiry for the 
United Nations can be assembled from 
widely separated parts of the world and 
transported to the troubled spot in three or 
four days, where thirty years ago the same 
gathering would have taken as many 


weeks or more and the opportunity for 
inquiry would have passed before the 
commission of inquiry could have arrived, 
Though international action and_ the 
granting of powers to international or. 
ganisations are still in a nascent stage, 
possibilities for their development exist, 
through the capacities of the aeroplane, 
that were hopelessly out of reach in the 
early days of the League of Nations. 

Governments now find it possible, and 
desirable, to send representatives specially 
versed in the problems to deal with such 
questions as mineral rights, the extension 
of international credits, the marketing of 
agricultural products, and the like, where- 
ever they may arise. It would have been 
impossible to make the same use of the 
specialist in the past, for he would often 
have arrived too late to be of any use. The 
role of the Ambassador and his relation 
to his Government changed enormously 
three or four generations ago, when he 
first came into telegraphic communication 
with his Foreign Office. It is changing 
again with the facility of movement that 
the aeroplane has given to national 
officials. 

There are the same _ possibilities in 
journalism and industry as in diplomacy. 
A special correspondent who has made a 
reputation in writing of civil conflicts can 
now be sent on a few hours’ notice, where- 
ever possibilities of revolutionary out- 
break appear. An international crisis 
can now bring a swift gathering of 
journalistic specialists, with correspond- 
ingly ample and expert reporting, within 
a few days’ time. These things have long 
happened within the small area of western 
Europe. The aeroplane is giving them a 
world-wide extension. 

In international commerce, the aero- 
plane again acts to facilitate the personal 
travels of officials from corporate head- 
quarters and permits them to supplement 
reports from the field with personal 
inspections otherwise impossible. Its most 
important effect in international trade, 
however, is in assuring that material 
deficiencies such as spare parts can be 
swiftly met and new material made 
swiftly available. In the marketing of 
rapidly changing products, the quickness 
with which samples, catalogues and pub- 
licity matter for new models or patterns 
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can be supplied is significant. The distri- 
butor is no longer isolated from the 
factory ; the customer back in the bush is 
no longer isolated from the distributor ; 
and the effect should be to facilitate 
international trade and to strengthen the 
relative position of the imported article in 
competition with a home-made product. 
That, in turn, may enhance native 
industry’s insistence on protection against 
the foreigner; but it may also bring 
realisation of the need for international 
agreement on means of checking trade 
abuses without destroying the trade. 

Finally I turn to the aeroplane’s effect 
on political sentiment, and especially on 
the balance of the contending impulses 
towards nationalism and internationalism. 

The aeroplane obviously provides the 
means of extending international action 
beyond the limits practicable without it. 
[have already spoken of its ability to facili- 
tate the assembly of international units in 
the case of threats to peace. It likewise 
facilitates. the assembly of international 
soups for discussion; for although in 
that case there may be long notice of the 
meetings, statesmen would be unable to 
lave home without the assurance that a 
quick return would be possible in emer- 
gency. ‘The General Assembly of the 
United Nations certainly has a better 
attendance, on a higher level, than would 
be possible if the delegates all had to 
come and go by ship. As such facility of 
movement makes international discussion 
easier, and improves the opportunity of 
participating in such discussion, so too 
it would make the processes of demo- 
qatic decision possible for wider units 
than might- otherwise employ them 
effectively. 

To make closer international association 
posible, however, does not necessarily 
make it acceptable. It is the common 
way of mankind to be suspicious of the 
tew, and in the case of the aeroplane the 
ypical suspicion was heightened by the 
fecognition of its military potentialities 
and the fear of hostile aircraft over 
tational territory. The aeroplane was 
quickly confronted with an insistence on 
he full maintenance of sovereign rights 
in airspace, and the most cautious and 
limited yielding of such rights even by 
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mutual concession. It has been one of the 
bright spots of recent years to see suspicion 
and a narrow interpretation of national 
interest yielding to the erosion of necessity, 
and to a realisation that no one will gain 
the benefit of the aeroplane unless it is 
allowed to operate with reasonable free- 
dom. One of the products has been the 
Transit Agreement, under which forty- 
one states, including all the states of the 
British Commonwealth except Ceylon, 
the United States, France and most of 
the rest of the world have agreed to allow 
their airlines freely to cross one another’s 
territories and to land there for refuel- 
ling or other technical purposes without 
the necessity of a specially negotiated 
permission. 

Another bright spot is the occasional 
readiness of states to join through I.C.A.O. 
in laying out flight information regions, 
communications areas, and the like, with- 
out restraint by national boundaries. The 
waiver of such restraints might advan- 
tageously go much farther, but at least a 
beginning has been made. 

I have been speaking primarily of the 
aeroplane as it is to-day. There is im- 
mediate promise of a vastly increased 
speed. When it comes, I think it will 
strengthen the general conclusions that I 
have stated about the social importance 
of business and governmental travel. If 
the time from London to Delhi, for 
example, can be reduced from 30 hours to 
15—as it well may be—the saving is useful 
but hardly of decisive importance to a 
tourist who would scarcely be going so far. 
To the official to whom it may seem vital 
to participate for a few hours in a parti- 
cular session of a Commonwealth con- 
ference the difference between 30 hours 
and 15 might be critical. ‘The tourist will 
be grateful for jet speed, but it will not 
fundamentally change the kind of trans- 
portation the aeroplane gives him. The 
traveller on business or the governmental 
official may on the other hand find that an 
increase of cruising speed from 300 miles 
an hour to 500 or better will open a whole 
new chapter of possibilities to add to the 
far-reaching possibilities that the aero- 
plane has already given him, by which his 
working methods and his official life have 
already been so largely shaped. 
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EDINBURGH MEETING 
SECTIONAL TRANSACTIONS 


Any references to publication supplied by authors will be found on page 332. 


SECTION A 
MATHEMATICS AND PuysiIcs 
August 9 
A hundred years of meteorology (1851-1951), 
Presidential Address by Prof. Sir David 
Brunt, Sec. R.S. 
Mr. R. Wilson.—The ‘ blue sun’ of September 
26, 1950. 


Mr. J. Paton.—Aurorae and luminous night 
clouds. 


August 10 


Natural and artificial production of atmospheric 
precipitation. 

Mr. B. J. Mason.—The fundamental physics of 
precipitation processes in the artificial production 
of rain. 

Mr. F. H. Ludlam.—Natural and artificial 
production of showers. 

Mr. I. C. Browne.—Radar studies of overhead 
clouds. 

Mr. R. F. Jones.—Radar echoes from pre- 
cipitation. 

Dr. A. W. Brewer.—The réle of ice nuclei in 
precipitation. 


August 13 


Prof. E. N. da C. Andrade, F.R.S.—Physics 
from 1850-1900. 

Prof. M. Born, F.R.S.—Physics in the last fifty 
years. 

Prof. H. Dingle.— The philosophy of physics, 1850- 
1950. 


August 14 
Session A 
Life and work in extreme environmental conditions. 

Dr. O. G. Edholm.—The physiological effects 
of environment on man. 

Dr. F. Marsh.—Body responses in hyperthermia. 

Dr. N. H. Mackworth.—Performance studies of 
severely chilled hands. 

Dr. E. M. Glaser, M.C., and Prof. R. A. 
McCance, F.R.S.—Body temperature and 
thermal balance. 

Dr. T. Bedford.—Jndustrial efficiency and well- 
being in relation to environmental conditions. 
Dr. Ezer Griffiths, O.B.E., F.R.S.—Physical 

measurements in the assessment of comfort. 


Session B 

Dr. W. McFarlane.—The Glasgow 300Mo. 
Synchrotron. 

Dr. S. C. Curran.—Proportional counters. 

Mr. R. Giles.—Applications of scintillation 
counters to nuclear researches. 

Mr. W. F. Cotty.—Diamonds as counters. 

Dr. Marion A. S. Ross.—Study of nuclear dis- 
integration in electron sensitive emulsions. 

Mr. F. H. Krenz.—Radiation chemistry of 
luminescent compounds. 

Dr. E. Wolf.—Aspheric optics. 


August 15 


Lt.-Col. E. Tillotson.—Some British contributions 
to the study of seismology during the past century. 
Dr. R. Furth.—Physics of social equilibrium. 


SUB-SECTION A* 
MATHEMATICS 
August 10 


Rt. Hon. Viscount Samuel, G.C.B., G.B.E.— 
The problem of an ether. 


August 13 


Prof. A. C. Aitken, F.R.S.—Linear operations in 
the theory of probability (1). 


August 14 
Prof. A. C. Aitken, F.R.S.—Linear operations in 
the theory of probability (2). 
Mr. J. B. Smith.—The solution of logical problems 
by machines. 


SECTION B 
CHEMISTRY 
August 9 

Chemistry at the mid-century, Presidential Address 

by Sir Cyril Hinshelwood, For.Sec.R.S.. 
Prof. F. A. Paneth, F.R.S.—The trend of inor- 

ganic and physical chemistry since 1850. ; 
Prof. A. R. Todd, F.R.S.—Developments ™ 

organic chemistry during the past 100 years. 


324 


Hor 
The 
M 
D 
D 
Orge 
Pr 
D 
D 
Met 
D 
P 
P 
Dr. 
di 
Dr. 
F 
Dr. 
C 
Ver 
Cont 
P 
D 
P 
P 
The 
N 
P 
Sir 


300M. 


ntillation 


dis. 


istry of 


ributions 
century. 
um. 


-B.E.— 


ations in 


ations in 


problems 


\ ddress 

of inor- 
ents 


August 10 
Hormones of the pituitary. (See Section I.) 
The changing face of chemical industry. 
Mr. J. Davidson Pratt., C.B.E.—Chairman’s 
introduction. 
Mr. H. W. Cremer, C.B.E.—Some general 
considerations. 
Dr. F. Roffey.—Petroleum chemicals. 
Dr. J. C. Swallow.—Synthetic polymers. 


August 13 
Organic chemistry in the service of medicine. 
Prof. G. F. Marrian, F.R.S.—Recent work on 
the adrenocortical steroids. 
Dr. F. L. Rose.—Recent work on antimalarials. 
Dr. R. V. Pitt-Rivers.—Recent work on the 
thyroid gland. 
August 14 


Metals and alloys. (Jointly with Section G.) 

Sir Andrew McCance, F.R.S.—Chairman’s 
introduction. 

Dr. F. D. Richardson.— The chemistry of metal 
extraction. 

Prof. A. H. Cottrell.— The strength of metals. 

Prof. A. G. Quarrell.— Modern alloys. 

Mr. T. S. Robertson.—Brittle fracture of mild 
steel. 


SECTION C 
GEOLOGY 
August 9 
Dr. R. Campbell.— The geology of the Edinburgh 
district. 
Dr. M. Macgregor.— The coalfields of the Lower 
Forth. 
Dr. E. D. Currie.- The Goniatites of the Scottish 
Carboniferous. 


August 10 


Vertebrate palaeontology and evolution. 
tion D.) 
Controversial problems in Highland geology. 
Prof. H. H. Read, F.R.S.—Jntroduction. 
Dr. E. M. Anderson. 
Sir Edward Bailey, M.C., F.R.S. 
Dr. F. C. Phillips. 
Prof. W. Q. Kennedy, F.R.S., and Dr. J. E. 
Hemingway. 
Dr. A. Kvale. 
Dr. A. G. MacGregor. 
Dr. J. E. Richey, F.R.S. 
Prof. R. M. Shackleton. 


(See Sec- 


August 13 
The influence of geology on military operations in 
North-West Europe, Presidential Address by 
Prof. W. B. R. King, O.B.E., F.R.S. 
Mrs. J. M. Eyles.— Thomas Charles Hope and his 
geological lectures. 


Sir Edward Bailey, M.C., F.R.S.—Develop- 


ments in geological science, 1851-1951. 
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Sectional Transactions 


August 14 
Surveys of under-developed areas (See Section E.) 
Session A 

Prof. E. Lehmann.—The réle of the hydrothermal 
stage in the formation of igneous rocks. 

Prof. F. J. Turner and Mr. D. T. Griggs.— 
Changes in fabric of marble during experimental 
deformation at 10,000 atmospheres confining 
pressure. 

E. D. Lacy.—Minerals and magmas : studies at 
high temperatures and pressures. 

Mr. R. H. Clark.—A macroscopic method of fabric 
analysis applied to the basalts of Arthur’s Seat, 
Edinburgh. 

Session B 
The Late-Glacial deposits of Scotland : 
Dr. J. B. Simpson. 
Mr. G. F. Mitchell. 
Dr. H. Godwin, F.R.S., and Miss A. P. 
Connolly. 

Mr. G. Y. Craig.—Palaeoecology of Lingula. 

Mr. F. Moseley.—The development of the Arns- 
bergian (F2) stage of the Namurian in North 
Lancashire. 

Mr. R. H. Cummings.—Scottish Carboniferous 
foraminifera. 

August 15 

Dr. J. B. Simpson.—The age of the Tertiary vul- 
canicity in Scotland. 

Mr. H. E. Wilson and Mr. H. S. Walton.— 
Some features of glacial retreat in Midlothian. 
Dr. H. I. Drever and Mr. W. S. MacKenzie.— 

Geological investigations in West Greenland. 

Dr. H. Rutledge.— The Fannich Forest pelitic belt. 

Dr. A. Lamont.—Probable Gala-Tarannon Age of 
the Lowther Grit Series and the Haggis Rock. 


SECTION D 
ZOOLOGY 
August 9 

Organic design, Presidential Address by Dr. 

F. A. Pantin, F.R.S. 
Session A 

Sir John Graham Kerr, F.R.S.—Edinburgh in 
the history of zoological science. 

Prof. J. E. Smith.— The anatomy of nervous inte- 
gration in Echinoderms. 

Mr. R. H. Nisbet.—Nervous co-ordination of 
feeding movements in a Trochid, Mondonta 
lineata (da Costa). 

Prof. N. Millott.—Reactions to shade, the pig- 
mentation and colour change of the sea-urchin 
Diadema antillarum. 

Session B 

Prof. C. H. Waddington, F.R.S.— The influence 
of genetical ideas in embryology. 

Mr. R. A. Beatty.—Chromosomes and development. 

Dr. T. C. Carter.—Developmental mutants in 
mammals. 


Sectional Transactions 


August 10 
Session A 
Vertebrate palaeontology and evolution (jointly with 
Section C). 


Prof. T. S. Westoll.—Some points concerning 
the evolution of major groups within the verte- 
brates. 

Dr. W. E. Swinton.—Variations due to physio- 
logical causes. 

Mr. F. R. Parrington.—The problem of the 
origin of mammals. 

Dr. G. S. Carter.—Evolution of the mammalian 


organisation. 
Session B 
Nature conservation in Scotland (jointly with Sec- 
tion K). 
Mr. A. B. Duncan.—.Nature conservation in 


Scotland—some lessons from the past. 

Prof. J. R. Matthews.—Botanical aspects. 

Mr. Kenneth Williamson.—Study of an arctic 
Skua colony. 

Prof. J. Walton.—Botany in National Parks. 

Dr. W. A. Macfadyen.—Geological aspects. 

Prof. A. C. Hardy, F.R.S., and Mr. R. Bain- 
bridge.—An experimental study of the vertical 
migration of plankton animals. 

Dr. D. M. Steven.—Species relationship of 
British voles. 

Dr. Peter Tuft.—Respiration and the development 
of the embryo. 

Dr. D. S. MacLagan.—Modern insecticides and 
the balance of nature. 


August 13 


Forestry and animals (See Sub-Section K*). 
Koology at the Marine, Freshwater and Field 
Stations : 

Mr. E. Ford.—oology at a Marine Station. 

Dr. H. D. Slack.—A review of freshwater 
studies at the University of Glasgow Field 
Station. 

Prof. L. A. Harvey.—Field zoology at Exeter, 
1932-1951. 

Dr. J. P. Harding.—A museum standpoint. 

Senses and behaviour of animals (Jointly with 
Section J) 

Prof. R. J. Pumphrey, F.R.S.— Teleology and 
Sunction. 

Prof. J. E. Harris and Dr. H. P. Whiting.— 
Correlation of form and function in the em- 
bryonic nervous system of lower vertebrates. 

Prof. R. W. Russell.—Odjective studies of ab- 
normal behaviour in animals. 

Prof. G. C. Drew and Mr. F. H. George.— 
Studies in animal learning. 


August 14 


Surveys of under-developed areas (See Section E). 
Prof. E. J. W. Barrington.—The cytology of 
insulin secretion. 


Dr. J. D. Robertson.—The chemical composition 
of body fluids of animals. 

Dr. J. E. Forrest.—Feeding mechanisms in Dorid 
Nudibranchiate Mollusca. 

Dr. K. and Mrs. D. Kermack.—Studies on 
locomotion of the common dolphin Delphinus 
delphis L. 

Dr. E. Collyer.—Predators of the fruit tree Red 
Spider Mite, Metatetranychus ulmi (Koch). 
Mr. G. A. Steven.—Popular lecture on Bip. 
logical science of the sea : recent researches and 

new horizons. 


SECTION E 
GEOGRAPHY 
August 9 


The centenary of Section E, Presidential Address 
by Dr. O. J. R. Howarth, O.B.E. 

Prof. A. G. Ogilvie, O.B.E.—Edinburgh and its 
region. 

Dr. Catherine P. Snodgrass.— The evolution of 
the East Lothian landscape. 


August 10 


Mr. E. O. Giffard, M.B.E.—Geography in the 
service of mankind. 

Mr. J. N. L. Baker.— The development of historical 
geography in Britain during the last hundred 
years. 

Dr. G. E. R. Deacon, F.R.S.—Recent progress in 
oceanography. 

Dr. J. M. Houston.—The Scottish burgh: a 
study in urban geography. 

Prof. J. H. G. Lebon.—The réle of the township in 
the rural settlement of Scotland. 

Mr. H. P. White.—The transport geography of 
Edinburgh. 


August 13 


The natural resources of Scotland today (Jointly 

with Sections C, F, K*, M). 

Prof. A. G. Ogilvie, O.B.E.—Chairman’s 
introduction. 

Mr. T. H. Whitehead.—The mineral t- 
sources of Scotland. 

Mr. A. A. Fulton.—Hpydro-electric power 1 
sources in Scotland. 

Dr. A. B. Stewart.—Agricultural land 1- 
sources in Scotland. 

Mr. A. Watt.—The forests of Scotland, past, 
present and future. 

Dr. C. E. Lucas.—Scotland’s fishery resources. 
Mr. A. C. O’Dell.—Population and natural 
resources. 
Mr. A. McK. Frood.—Some problems of Libyan 

development. 
Mr. C. G. Smith.—The present boundaries and 
population problems of Israel. ; 
Mr. W. Kirk.—Problems on the diffusion of the 


city idea in southern Asia. 
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August 14 
Session A 

Dr. K. Walton.—Climate and famines in Scotland. 

Mr. A. C. O’Dell.—A view of Scotland in the 
middle of the eighteenth century. 

Dr. H. C. K. Henderson.—The agriculture of 
England and Wales, 1801 : (i) The 1801 crop 
returns. 

Dr. R. A. Pelham.— The agriculture of England 
and Wales, 1801: (ii) A county analysis :— 
Gloucester. 


Session B 
Surveys of under-developed areas (Jointly with Sec- 
tions C, D, F, K and M). 

Prof. L. Dudley Stamp, C.B.E.— The World 
Land Use Survey. 

Brig. M. Hotine, C.M.G., C.B.E.—Colonial 
surveys. 

Dr. A. S. Thomas.—The importance of pre- 
liminary surveys. 

Sir Geoffrey Evans, C.I.E.—Land-settlement 
problems in under-developed tropical areas. 

Mr. J. W. Watson.—Pilot land use surveys in 
Canada. 

Prof. T. N. George.—Geological and mineral 
surveys of under-developed areas. 

Dr. Herbert Greene.—Soil surveys of under- 
developed tropical areas. 
Dr. C. F. Hickling, 

fisheries. 

Miss A. G. Donnithorne.—Surveys of under- 
developed areas in relation to parts of the Far 
East. 

Dr. E. B. Worthington.—Biological problems 
of Africa. 

Mr. R. M. Prothero.—Land-use mapping in 
Southern Nigeria. 


C.M.G.—Colonial 


August 15 


Miss E. M. J. Campbell.—Land and population 
problems in Fiji. 

Dr. R. Miller.— The climate of Nigeria. 

Dr. R. J. Harrison Church.—The sea in West 
African development. 

Mr. T, W. Freeman.—Report of Research Com- 
mittee on the Revival of British geography in the 
nineteenth century. 


SECTION F 
Economics 
August 9 
Miss H. Heughan.—Problems arising from the 
closing of pits at Shotts, Lanarkshire, and the 
migration of miners and their families to new areas. 
Mr. J. G. Kyd, C.B.E.—Scotland’s population 
problems. 
Mr. P. H. St. John Wilson.—Relation of em- 
bloyers and employed in the last 100 years. 


Sectional Transaction 


August 10 


The nature of profit, Presidential Address by Prof. 
R. G. Hawtrey, C.B. 

Dr. M.A. Rifaat, O.B.E.— The finance of economic 
development in under-developed countries. 

Prof. Helen Hohman.—The development of a 
programme of old age security in the American 
climate of opinion. 


August 13 


Problems of marginal land farming (See Section 
M). 


August 14 


Surveys of under-developed areas (See Section E). 

Miss A. G. Donnithorne.—The réle of western 
commercial enterprise in parts of the Far East over 
the last century. 

Mr. S. G. Checkland.—Political economy in 
Roscoe’s Liverpool, 1795-1851. 

Mr. J. Stirling., C.B.E.—Social service expenditure 
in the United Kingdom—a hundred years’ survey. 


SECTION G 
ENGINEERING 
August 9 
Session A 
Dr. A. Alan Taylor.— The use of high ash coals in 
the electricity supply industry. 
Mr. W. G. Marskell.— The design of large boiler 
plant for using high-ash coal. 


Session B 
Mr. T. A. L. Paton.—Hydro-electric schemes— 
modern trends in civil engineering. 
Mr. R. W. Weekes and Mr. A. Feiner.— 
Water turbines for hydro-electric projects. 


August 10 
Two thousand years of engineering, Presidential 
Address by Sir Claude Gibb, C.B.E., F.R.S. 
Mr. A. G. Curr.—Printing in Edinburgh. 


August 13 
Session A 
Mr. C. E. Iliffe.—Recent developments in the 
methods of proportioning contra-flow heat ex- 
change apparatus. 
Mr. A. Hampson.—Heat transfer during con- 
densation of steam. 
Session B 
Mr. T. G. N. Haldane.— The development of high 
voltage power transmission with particular re- 
Serence to hydro-electric projects. 
Mr. T. Lawrie.—Electrical aspects of modern 
hydro-electric development in Scotland. 
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Sectional Transactions 


August 14 


Metals and alloys (See Section B). 
Papers by young engineers : 

Dr. A. L. Cullen.— The measurement of micro- 
wave power by radiation pressure. 

Dr. A. H. Chilver.—Some features of the be- 
haviour of thin-walled structural members in 
compression. 

Dr. S. A. Tobias.—A theory of imperfection 
Sor the vibrations of elastic bodies of revolution. 

Dr. P. W. Rowe.—Cantilever sheet piling in 
cohesionless soil. 

Mr. J. D. Lawson.—A note on the construction 
of, and preliminary experiments on, a model of 
Aberdeen Harbour. 

Mr. Peter Clarkson.—Heat-treated concrete. 


SECTION H 
ANTHROPOLOGY AND ARCHAEOLOGY 
August 9 


Mr. J. Littlejohn.—Field-work in contemporary 
society. 

Mr. S. F. Collins.—Social processes integrating 
coloured people in Britain. 

Mr. William Watson.—A mining community in 
Fife. 

August 10 

The study of early Celtic metalwork in Britain, 
Presidential Address by Sir Cyril Fox. 

Prof. Stuart Piggott.— The Iron Age in southern 
Scotland. 

Prof. Kenneth Jackson.—Problems of the British 
migration to Brittany. 

Mr. Peter Lawrence.—Pig exchanges among the 
Garia, Madang district, New Guinea. 

Miss S. R. Burstein.—Public health and prevention 
of disease in primitive communities. 


August 13 


Dr. J. C. Trevor.—A century of physical anthro- 
pology. 

Mr. J. T. Robinson.—The South African ape- 
men. 

Dr. L. H. Wells.—The relationships of some 
African human fossils. 

Dr. Margaret A. Murray.—The coven as a royal 
institution. 

Mr. R. B. K. Stevenson.—Prehistoric pottery- 
building. 

Dr. John Waechter.—Preliminary excavations in 
Gorham’s Cave, Gibraltar. 


August 14 


Dr. Axel Steensberg.—The archaeological dating 
of the climatic change c. A.D. 1300. 

Mr. K. D. M. Dauncey.—Phosphate content of 
soils on the sites of human occupation. 

Mr. R. J. C. Atkinson.—Electrical resistivity 
surveying in archaeology. 
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SECTION I 
PHYSIOLOGY 
August 9 


Physiological problems of mining : 


Dr. R. Passmore.— The debt of physiologists an 
miners to F. S. Haldane. 

Dr. C. G. Gooding.— The effect of lighting 
the health and working efficiency of miners. 
Dr. C. M. Fletcher.—The effects of dust ip. 
halation on the working capacity of miners. 
Dr. A. Meiklejohn.—Coalminers’  pneum. 

contosis : employment problems of the disabled. 
Sir Andrew Bryan.—Accidents in mines. 


August 10 


Hormones of the pituitary (Jointly with Section B, 


Prof. J. H. Gaddum, F.R.S.—Jntroduction, 

Dr. A. G. E. Pearse.—The cytochemistry an 
significance of some normal and abnormal all 
types in the anterior pituitary gland. 

Dr. J. D. Green.—Nervous control of th 
pituitary. 

Dr. G. W. Harris.—Neural control of th 
anterior pituitary gland. 

Dr. A. S. Parkes, F.R.S.—The gonado- 
trophins. 

Dr. F. H. Malpress.—The pituitary and tu 
mammary gland. 

Mr. I. E. Bush.—The pituitary adrenoconii- 
cotrophic hormone. 

Dr. E.Reid.— The growth hormone. 

Dr. A. L. Greenbaum.—Metabolic effect of 
the pituitary hormone. 


August 13 


Body water : 


Physiology of the capillaries, Presidential Ad- 
dress by Prof. H. P. Gilding. 

Prof. G. de Hevesy.—Application of radioactu 
indicators in vascular studies. 

Prof. H. Ussing.—Cell water. 

Dr. Mary Pickford.—Some of the factors deter- 
ming the release of the antidiuretic hormone. 
Dr. J. A. Barclay.— The réle of the kidney in th 

control of body water. 
Prof. K. J. Franklin.— The history of physiology, 
1851-1951. 
August 14 


Limits to intensive production in animals (Se 


Section M). 
August 15 


Student health : 


Sir Andrew Davidson.—ZJntroduction. 

Dr. R. H. Bolton.—Eye-testing of students 
using Turville Infinity Balance technique. _ 
Dr. J. G. Thomson.—Factors in the physical 
and environmental background affecting a 

demic achievements. 
Dr. R. W. Parnell.—The relationship betwem 
physique and physical attainments. 


Sir A 
im 


cul 


Current 
Prof. 
in 
Prof. 
Ti 
Prof. 
Psychol 
Prof. 
Dr. R. 
differ 
Mr. C 
of in 
Miss 
judg 
Miss 

perso 
Current 
Dr. 
ps 
Dr. 
lo 

Dr. 

Mr. 
B 
Curren 
Dr. 
Dr. 
re 

Dr. 

t 

Pro’ 

The se 
D). 
Life a 
(Se 
Curren 
Dr. 

5 

Mr 
Sir 

a 

Dr. 

Pro 


an, 
hting on 
rs. 
dust in. 
Se 


bneump- 
'sabled, 


ion 
tion. 

try and 
nal cell 


of th 
of th 
gonado- 
and the 


moconti- 


fect 


sir Alan Rook, C.B., O.B.E.— The limitations 
imposed upon a student’s career by tuber- 
culosis. 


SECTION J 
PsyCHOLOGY 
August 9 


Current trends in general psychology : 
Prof. R. C. Oldfield.— The place of experiment 
in psychology. 
Prof. A. Rex Knight and Mr. A. J. Laird.— 
The psychology of motivation. 
Prof. J. Drever.—The teaching of psychology. 
Psychology and the laity, Presidential Address by 
Prof. C. A Mace. 
Dr. R. W. Pickford.—Further work on individual 
differences in colour vision. 
Mr. C. A. Oakley.—Psychology and the prevention 
of industrial accidents. 

Miss M. M. Lawlor.—Belief in a standard of 
judgment and its influence on personal preference. 
Mis S. B. N. Shimmin.—Altitudes towards 

personal ambition. 


August 10 


Current trends in occupational psychology : 
Dr. C. B. Frisby.—Field research in industrial 
psychology. 
Dr. N. A. B. Wilson.—Applications of psycho- 
logy in the defence services. 
Dr. E. Anstey.—Applications of psychology in 
the civil departments. 
Mr. A. Rodger.—Vocational guidance in 
Britain. 
August 13 
Current trends in social psychology : 
Dr. H. J. Eysenck.—Social attitude research. 
Dr. H. T. Himmelweit.—Personality tests as 
research tools. 
Dr. A. T. M. Wilson.—Social change in struc- 
tured groups. 
Prof. T. H. Pear.—The social psychology of 
everyday life. 
7 senses and behaviour of animals (See Section 
). 
August 14 


Life and work in extreme environmental conditions 

(See Section A). 

Current trends in educational psychology : 

Dr. J. Maxwell.—ZJntelligence tests in sociological 
surveys. 

Mr. D. McMahon.—Educational selection and 
allocation. 

Sir Cyril Burt and Dr. C. Banks.—Statistical 
analysis in educational research. 

Dr. W. D. Wall.—The psychology of basic 
educational techniques and its bearing upon 
remedial education. 

Prof. J. E. Anderson.—Developmental level and 
adjustment in childhood and youth. 


Sectional Transactions 


Current trends in clinical psychology : 
Miss M. A. Davidson.—Clinical psychology. 
Continued August 15. 


August 15 


Current trends in clinical psychology (contd. from 

August 14). 

Dr. J. D. Sutherland.—Scientific tasks for the 
psychological clinic. 

Mr. O. L. Zangwill.—Psychological problems 
and methods in the neurological field. 

Dr. S. Crown.—Experimental studies in psy- 
chiatry. 


SECTION K 
BOTANY 
August 9 


Dr. H. Hamshaw Thomas, M.B.E., F.R.S.— 
Changes in the outlook on plant structure during 
the past hundred years. 

Prof. C. W. Wardlaw.—-The history of the views 
on morphogenesis. 

Prof. G. W. Keitt.—Jnheritance of pathogenicity 
and some other characters in Venturia inaequalis. 

Mycology over a century, Presidential Address by 
Prof. W. Brown, F.R.S. 


August 10 


Nature conservation in Scotland (See Section D.) 

Prof. Meirion Thomas, F.R.S.—Views on 
respiration during the period 1850-1950. 

Mr. J. F. Sutcliffe.—Relationships between salt 
absorption and respiration in storage tissue. 

Dr. W. Burns, C.1.E.—Root initials in the stem of 
Jasminum nudiflorum. 

Mr. E. E. Kemp.—The water economy of isolated 
plant shoots. 

Dr. Elizabeth Gray.—The early history of rye- 
grass seed production in Scotland. 

Mr. A. R. Beddows.—Perennial ryegrass Lolium 
perenne in British agriculture during the last two 
hundred years. 

Mr. W. E. J. Milton.—A survey of under-developed 
grasslands in a west-central area of Wales. 

Dr. E. K. Janaki-Ammal.—Polyploidy as a 
Sactor of active speciation in S.E. Asia. 

Dr. J. A. Roper.—A linkage map of Aspergillus 
nidulans. 

Dr. H. Duerden and Mr. A. S. Wright.— 
A ligulate Pteridophyte from the lower coal 
measures of Bacup, Lancs. 

Prof. T. M. Harris, F.R.S.—A new fruit-like 
Sossil from the Yorkshire Furassic. 

Dr. Malcolm Wilson.—A rust fungus in the Upper 
Carboniferous period. 


August 13 
The history of cultivated plants : 
Sir John Milne Home.—The introduction of 
conifers and their influence on forestry. 
Mr. J. M. S. Potter.— The history of the apple. 
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Sectional Transactions 


Dr. W. B. Turrill.—The history of cultivated 
and wild olives. 

Dr. G. D. H. Bell.— The history of cereals. 

Dr. J. G. Hawkes.— The history of the potato. 


Session A 
Dr. J. L. Crosby.—The development of ideas in 
genetics. 
Dr. F. W. Robertson.— The growth of concepts in 
quantitative inheritance. 
Dr. E. C. R. Reeve.—Present trends and future 
needs in the study of quantitative inheritance. 


Session B 

Miss J. Malcolmson.—Observations on potato 
gangrene and skin necrosis. 

Dr. Mary Noble.—Seed pathology—a review. 

Dr. W. Blyth.—Studies in hapalosphaeria 
deformans. 

Dr. A. F. Parker-Rhodes.—Ecological observa- 
tions on Basidiomycetes on a small island. 

Dr. G. Bond.—The significance of the root 
nodules of Myrica Gale (Bog Mpyrile). 

Mr. R. M. Adam.—Semi-popular lecture on 
Scottish mountain flowers—their homes and habi- 
tats. 

August 14 

Surveys of under-developed areas (See Section E). 

Mr. J. S. L. Gilmour.—The development of 
taxonomy since 1851. 

Mr. J. A. Downes and Prof. J. Walton.— The 
vegetation and entomology of parts of Northern 
Canada. 

Dr. C. H. Gimingham.— The autecology of some 
dominant plants. 

Prof. R. S. Adamson.—Aspects of the phytogeo- 
graphy of the Cape flora. 

Dr. Tore Levring.—Some fertilisation experiments 
with marine algae. 

Prof. Lily Newton.—Some aspects of Australian 
shore ecology. 


SUB-SECTION K* 
FORESTRY 
August 9 
British forestry in the last century, Chairman’s 
address by Sir Henry Beresford-Peirse. 
Prof. E. P. Stebbing.—Forestry in the British 
Commonwealth in the last century. 


August 10 
The thinning of young conifer crops and the utiliza- 
tion of the produce. 

Dr. William Reid, Mr. B. C. Hollingsworth 
and Mr. H. H. Wilson.—The use of timber 
in mining. 

Mr. C. W. Scott.—The properties and uses of 
conifer thinnings. 

Mr. W. E. Hiley.—The grade of thinning. 

Sir George Campbell, Bt.—Some observations 
Srom the experience of an amateur with special 
reference to thinning in an area of rapid growth. 


August 13 


Forestry and animals (Jointly with Section D), 
Dr. F. Fraser Darling.—Animals and Sorestry, 
Mr. J. M. D. Mackenzie.—The encouray. 
ment of birds in plantations by nest boxes ay 
other means. 

Dr. R. N. Chrystal.—The réle of insects j 
forestry. 

Mr. A. B. Duncan.—Birds and forestry, 

The history of cultivated plants (See Section K), 

The natural resources of Scotland today (See S«. 
tion E). 

August 14 

Forest pathology (Jointly with Section K). 

Dr. Malcolm Wilson.—The development ( 
Sorest pathology in recent years. 

Mr. S. N. Banerjee.—A disease of Norwy 
spruce causing fluting of the bole. 

Dr. H. van Vloten.—Evidence of host-parasiy 
relations by experiments with Phomopii 
pseudotsugae Wilson. 


SECTION L 
EDUCATION 
August 9 
Problems of teaching in non-selective secondary and 
Junior secondary schools : 
Mr. James Thomson.—The junior secondan 
school. 
Film Happy Weekend, introduced by Mr. 
R. Borthwick. 
Mr. J. T. Robertson. 


August 10 
Mid-century : retrospect and prospect, Presidential 
Address by Sir Hector Hetherington, K.B.E. 
Dr. J. A. MacLean.—Problems of rural educatin 
Mr. A. Robertson. 


August 13 
Higher technological education : 
Mr. H. J. Cull.—The technical college. 
Prof. J. C. Prescott.—The university aspect of 
the problem. 
Sir Arthur Fleming, C.B.E. 
Principal H. B. Nisbet 
Dr. P. F. R. Venables.—Technical education 
in the United States and Great Britain—som 
comparisons. 
Prof. J. P. Kendall. 


August 14 


Dr. Margaret Read.—Cultural contacts in edu- 
cation. 
Mr. A. Crichton Miller. 


August 15 


Dr. A. E. Bell.— The impact of science on religious 
education. 
Sir Alexander Gray, C.B.E. 
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SECTION M 
AGRICULTURE 
August 9 


Experimental agriculture, Presidential Address by 

Dr. E. M. Crowther. 

Agricultural surveys : 

Dr. F. Yates, F.R.S., and Dr. D. A. Boyd.— 
The Survey of Fertiliser Practice—an example 
of operational research in agriculture. 

Mr. H. U. Cunningham.—Fertiliser trends and 
future prospects. 


August 10 


Storage of farm products : 

Prof. S. J. Watson.—Storage of grass. 

Mr. J. H. Leycester.—Storage of grain on a 
Huntingdonshire farm. 

Mr. W. G. Burton.—Factors influencing the 
distribution of temperatures in potatoes stored in 
bulk. 

Dr. A. R. Wilson.—Bulk storage of potatoes in 
buildings. 


Sectional Transactions 


August 13 
Problems of marginal land farming (Jointly with 
Section F). 
Sir Patrick R. Laird, C.B.—ZJntroduction. 
Prof. W. Ellison.—Some agricultural problems 
of marginal land farming. 
Dr. J. F. Duncan.—Social problems of marginal 
land farming. 
Mr. O. J. Beilby.—The economic organisation 
of some marginal land farms. 


August 14 
Surveys of under-developed areas (See Section 
E). 
Limits to intensive production in animals (Jointly 
with Section I). 
Prof. R. A. Fisher, F.R.S.—Genetical limits to 
intensive production in animals. 
Dr. J. Hammond, C.B.E., F.R.S.—Physio- 
logical limits to intensive production in animals. 
Sir Thomas Dalling.—Relationship of animal 
health to production. 
Dr. A. S. Parkes, F.R.S.—Preservation of 
spermatozoa at low temperature. 
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REFERENCES TO PUBLICATION OF 


COMMUNICATIONS TO THE 


SECTIONS 


AND OTHER REFERENCES SUPPLIED BY AUTHORS 


The titles of discussions, or the names of readers of papers, as to which publication notes hay 
been supplied, are given below in alphabetical order under each Section. 
References indicated by ‘ cf.’ are to appropriate works quoted by the authors of papers, not tp 


the papers themselves. 


SecTION A 
Andrade, Prof. E. N. da C. 1951 Nature, 
168, 622. 
Born, Prof. M. 1951 Nature, 168, 625. 


Dingle, Prof. H. 1951 Nature, 168, 630. 
Cf. ‘ The scientific outlook in 1851 and in 1951.’ 
1951 B. 7. Phil. Sc., 2, 85. 

Glaser, Dr. E. M. Cf. ‘ Effects of Cooling and 
various means of warming on the skin and body 
temperature of man,’ 7. Physiol, 109, 366 ; 
E. M. Glaser and R. V. Holmes Jones, ‘ Initia- 
tion of shivering by cooled blood returning 
from the lower limbs,’ 7. Physiol., 114, 277. 

Life and work in extreme environmental 
conditions. 1951 Nature, 168, 363. 

Marsh, Dr. F. Brief ref. in Brit Med. 7., 
Sept. 1, 1951, 544. Refs. to previous publica- 
tions supplied on request to B.A. Office. 

Mason, B. J. 1951 Nature, Sept. 29; 
Times’ Reports on Progress in Science Nov., 1951. 

Paton, J. 1951 Nature, 168, 487. 

Smith, J. B. Scotsman, Aug. 15, 1951. 
Cf. ‘ Faster than thought,’ to be published by 
Pitman. 

Wilson, R. Monthly Notices of Roy. Astron. 
Soc., 111, 1951. 

Wolf, Dr. E. Cf. ‘On the determination of 
Aspheric Profiles’ (with W. S. Preddy), Proc. 
Phys. Soc. 1947, 59, 704 ; ‘ On the designing of 
Aspheric Surfaces,’ Proc. Phys. Soc. 1948, 61, 
494 ;‘ On the theory of Aplanatic Aspheric 
Systems’ (with G. D. Wassermann), Proc. 
Phys. Soc. B, 1949, 62, 2; ‘On the corrector 
plates of Schmidt Cameras’ (with E. H. 
Linfoot), 7. Opt. Soc. Amer. 1949, 39, 752. 


SecTion B 


Changing face of chemical industry, 1951 
Nature, 168, 520 ; Chemistry and Industry. 

Cottrell, Prof. A. H. Engineering, 172, 4468 ; 
Cf. ‘ Progress in Metal Physics.’ Vol. I. 

Cremer, H.W. fF. Soc. Chem. Ind., Sept. 29, 
1951. 


McCance, Sir Andrew. Engineering, Sept.1, 
1951. 

Marrian, Prof.G. F. Summary, 1951 Natun, 
168, 402. 

Metals and alloys, 1951 Nature, 168, 414 

Organic chemistry in the service of medicine, 
1951 Nature, 168, 402. 

Paneth, Prof. F. A. 1951 Nature, 168, 371 

Richardson, Dr. F. D. To appear in 
Engineering, Oct., 1951. 

Robertson, T. S., Engineer, August 31, 1951; 
Engineering, Oct. 5, 1951. 

Quarrell, Prof. A. G. Engineering, Sept. 14, 
21, 1951. 


Todd, Prof. A. R. 1951 Nature, 168, 326. 


SEcTION C 


Anderson, Dr. E. M. Cf. Lineation and 
petrofabric structure, Q. 7. Geol. Soc., 104, 99, 

Clark, R. H. Cf.‘ A macroscopic method of 
fabric analysis’ (with Dr. D. B. McIntyre), 
Amer. F. of Science, Oct. 1951, 755. 

Kvale, Dr. A. Cf. Structural Geology, 
Bergens Museums Arbok 1946 og 194), 
Naturoitenskapelig rekke Nr. 1. 

Lacy, E. D. 1951 Nature, 168, 537. 
‘High temperature research,’ Research, 4, 
No. 9, 432. 

Lehmann, Prof. E. To appear in Geol. Mag. 

Phillips, Dr. F. C. Geol. Mag., 88, 225. 

Rutledge, Dr. H. May appear in Tram. 
Edin. Geol. Soc. 1951. 


Section D 


Barrington, Prof. E. J. W. Cf. ‘ The specific 
granules of the Pancreatic Islet Tissue of the 
Frog (Rana temporaria), Q.F. Microscop. 
92, 2, June, 1951]. 

Beatty, R. A. Cf. (with. Fischberg) ‘ Hetero 
ploidy in mammals. I. Spontaneous hetero 
ploidy in  pre-implantation mouse 


Jj. Genet., 50, 345. 
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Collyer, Dr. Elsie. Expected to be published 

in series of papers, 7. of Pomology and Hort. Sci. 
2. 

oe Prof. G. C. To be published by 

Methuen. 

Falconer, D. S. Cf. D. S. Falconer, A. S. 
Fraser and J. W. B. King, ‘ The genetics and 
development of “ crinkled,” a new mutant in 
the house mouse.’ 7. of Genetics, 50, 324. 

Forrest, Dr. J. E. Expected to appear in 
Phil. Trans. Roy. Soc. 

Genetics and embryology, 1951 Nature, 168, 


415. 

Hardy, Prof. A. C. and Bainbridge, R. 1951 
Nature, 168, 327. 

MacLagan, Dr. D.S. 1951 Nature, 168, 360. 

Nisbet, R. H., Trans. Roy. Soc. Edin. 

Senses and behaviour of animals, 1951 
Nature, 168, 643. 

Vertebrate palaeontology and_ evolution, 
1951 Nature, 168, 583. 

Whiting, Dr. H. P. Cf. ‘The nervous 
structure of the spinal cord of the young 
larval brook lamprey,’ 1948 Q.7.M.S. 89, 359. 

Williamson, K. Cf. Jst A.R., 1949, 2nd 
A.R., 1950, Fair Isle Bird Obs. 


SecTIon E 


Church, Dr. R. J. Harrison, West Africa, 
Sept. 29, 1951, 893. 

Giffard, E.O. 1951 Nature, 168, 314. 

Snodgrass, Dr. Catherine. Cf. 3rd Statistical 
Account of Scot. : E. Lothian, Oliver and Boyd, 
Edin. 

Stamp, Prof. L. Dudley, 1951 Nature. 

Surveys of under-developed areas, Nature, 
168, 585. 

White, H. P. Cf. ‘ Transport,’ Sci. Survey 
S. E. Scot., (Brit. Ass.) 1951, 152. 

Worthington, Dr. E. B. Cf. ‘ Science in 
Africa,’ O.U.P., 1937; ‘ A development Plan 
for Uganda,’ Uganda Gov. Press, 1946; 
‘Geography and development of E. Africa,’ 
1950, Geog. F., 116, 29-43 ; ‘ Zoological and 
Botanical Research in Trop. Africa,’ Proc., 
Linn, Soc. Session 162, 1949-50, Pt 2, Mar. 31, 
1951, 181-3. 

SECTION F 


Rifaat, Egyptian Gazette, Aug. 10, 1951. 


SEcTION G 
a. Dr. A. H. Engineering, Aug. 31, 
51. 
Clarkson, P. Engineering, Sept, 14, 1951. 
Cullen, Dr. A. L. Engineering, Sept. 21, 1951. 
Curr, A. G. Brit. and Colonial Printer, Aug. 
24, 1951. 
aa T. G. N. Engineering, Aug. 24, 
l. 
Hampson, A. Engineering, Aug. 17, 1951. 
lliffe, C. E. Engineering, Aug. 24, 1951. 


References to Publications 


Lawrie, T. Engineering, Sept. 7, 1951. 

Lawson, J. D. Engineering, Aug. 31, 1951. 

Marskell, W. G. Engineer, Aug. 17, 1951, 
Engineering, Aug. 10, 1951. 

Paton, T. A. L. Engineering, Aug. 24, 1951. 

Rowe, Dr. P. W., Engineering, Sept. 7, 1951. 

Taylor, Dr. A. Alan. Engineering, Aug. 10, 
1951. 

Weekes, R. W. and Feiner, A. Engineering, 
Aug. 10 and 17, 1951. 


Secrion H 


Atkinson, R. J. C. To appear in Arch. News 
Letter, spring, 1952. 

Collins, S. F. Brit. 7. Sociology, Mar., 1952. 

Steensberg, Dr. Axcl. 1951 Nature, 168, 672. 

Stevenson, R. B. K. Expected to appear in 
Arch. News Letter ; Cf. Proc., Soc. Antiqu. Scot., 
1938-9. 

Wells, Dr. L. H. Cf. ‘ Fossil Man in N. 
Rhodesia.’ App. 2 in The Stone Age Cultures of N. 
Rhodesia, by J. D. Clark, S. Afr. Arch. Soc., 
1950 ; ‘ The fossil human skull from Singa ’ in 
Fossil Mammals of Africa No 2: The Pleistocene 
fauna of Two Blue Nile Sites., Brit. Mus. (Nat. 
Hist.), 1951. 


SEcTION I 


Bolton, Dr. R. H. Cf. Trans. Opt. Congress, 
1951, Brit. Opt. Assn. 

Gaddum, Prof. J. H. Cf. (with J. A. 
Loraine) ‘ Hormones of the Anterior Lobe of 
the Pituitary Gland,’ 7. Pharm. and Pharmacol., 
1950, 2, 65. 

Meiklejohn, Dr. A. To appear in Lancet ; 
Cf. ‘ Doctor and workman.’ Brit. 7. Indust. 
Med.,'7, 105, 1950 ; ‘ Advice to pneumoconio- 
sis patients,’ Brit. 7. Tuberc., Oct. 1950. 

Parkes, Dr. A. S., Cf. Inst. of Biology Sym- 
posium Proceedings. 

Parnell, Dr. R.W. 1951 B.M.7., 2, 473. 

Pearse, Dr. A. G. E. Cf. 7. Path. Bact., 61, 
195, 1949 ; Stain Technology, 25, 95, 1950; 7. 
Endocrinol. 1951. 

Physiological problems of mining, 1951 
Nature, 168, 642. 

Pickford, Dr. Mary, Cf. ‘Inhibition of 
water diuresis by pituitary (posterior lobe) 
extract and its relation to the water load of the 
body,’ 1936, 7. Physiol., 87, 291; ‘ The in- 
hibitory effect of acetylcholine on water diur- 
esis in the dog and its pituitary transmission,’ 
1939, 7. Physiol., 95, 226; ‘ The immediate 
and delayed effects of diisopropylfluorophos- 
phonate injected into the supraoptic nuclei of 
dogs,’ H. N. Duke, M. Pickford and J. A. 
Watt, 1949 7. Physiol, III, 81; ‘ The anti- 
diuretic action of morphine : its site and mode 
of action in the hypothalamus of the dog,” 
H. N. Duke, M. Pickford, and J. A. Watt, 1951. 
Q.7., Exp. Physiol., 36, 149. 

Student health, 1951 Nature, 168, 503. 
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References to Publications 


SECTION J 

Section J’s papers on Current trends will be 
found in a volume entitled ‘ Current trends in 
British Psychology’ published by Methuen 
(1952). 

Current trends in occupational psychology, 
1951 Nature, 168, 370. 

Current Trends in Social Psychology, 1951 
Nature, 168, 993. 

Oakley, C. A. Occupational Psychology. 

Pickford, Dr. R. W. Expected to appear in 
Q. Bull. Brit. Psychol. Soc., Jan., 1952. 


SECTION K 


Animals and foresty, 1951 Nature, 168, 449. 

Bond., Dr. G. To appear in Annals of 
Botany. Cf. ‘ Root nodules of Bog Myrtle or 
Sweet Gale,’ 1949 Nature, 163, 730. 

Burns, Dr. W. Expected to appear in Trans. 
Bot. Soc. Edin. 

Campbell, Sir George. Expected to appear 
in Scottish Forestry. 

Duerden, Dr. H. and Wright, A. S._ Ex- 
pected to appear in Proc. Linn. Soc. 

Gilmour, J. S. L. 1951 Nature, 168, 400 ; 
Cf. ‘ A taxonomic problem’ 1937 Nature, 139, 
1040; (with W. B. Turrill) ‘The aim and 
scope of taxonomy ’ Chronica Botanica, 6, 217. 

Gray, Dr. Elizabeth G. To appear in 
catalogue of McGill and Smith, Ltd., Ayr. 

Harris, Prof. T. M., Phil. Trans. Roy. Soc. 
B. No. 628, 235, 483. 

Hiley, W. E. To appear in Forestry, Jan., 
1952, Cf. ‘ Craib’s Thinning Prescriptions for 
Conifers in S. Africa,’ Q.7. Forestry, XLII, 
Jan., 1948, 5. 

History of cultivated plants. 1951 Nature, 
168, 448. 

Home, Sir John Milne. Expected to appear 
in Scottish Forestry, Oct., 1951. 

Kemp, E. E. Cf. Expected to appear in 
Proc. 13th Int. Horticultural Congress. 

Leoring, Dr. Tore. Cf. ‘ Remarks on the 
surface layers and the formation of the fertiliza- 
tion membrane in fucus eggs.’ Meddel. Géte- 
borgs bot. tradg., 17, Goteborg, 1947 ; Fertiliza- 
tion experiments with Hormosira Banksii 
(Turn.) Dene., Physiologia plantarum, 2, Lund, 
1949 ; A complete review of researches to be 
published in Experimental Cell Research, New 
York, 2 or 3. 

Mackenzie, J. M. D. Expected to appear in 
Scottish Forestry, Jan., 1952. 

Noble, Dr. Mary. 1951 Nature, 168, 534. 

Parker-Rhodes, Dr. A. F. Cf. ‘ Basidio- 
mycetes of Skokholm Island,’ New Phytologist, 
II, III, IV, V, VII, 48-50, 1949-51. 

Potter, J. M. S. Expected to appear in 
j. Roy. Hort. Soc. 

Reid, Dr. William, B. C. Hollingsworth and 
H. H. Wilson. Expected to appear in Forestry 
in 1952. 


Sutcliffe, J. F. To appear in Journ. Exp, 
Botany. 


Thomas, Dr. H. H. 1951 Nature, 168, 312, | 
Turrill, Dr. W. B. To appear in Key | 


Bulletin. 
Wardlaw, Prof.C.W. Endeavour, Apr., 195), 


Section L 
Bell, Dr. A. E. Cf. Hibbert 7., 1945 ; Jan., 
1952. 
Higher technological education 1951 Natur, 
168, 458. 


MacLean, Dr. J. A., Scot. Educ. 7., Aug. 17; 
Education, Sept. 14, 1951. 

Venables, Dr. P. F. R. To appear in 7. Roy. 
Inst. Chem. 


SECTION M 


Cunningham, H. U. Scottish Farmer, Aug. 
25, 1951. 


Dalling, Sir Thomas, 1951 Nature, 168, 490; | 


Veterinary Record, No. 36, 571. 

Ellison, Prof. W. Expected to appear in 7. 
Roy. Agric. Soc. 

Hammond, Dr. J. To appear in Brit. Agric. 
Bulletin. 

Laird, Sir Patrick. 1951 Nature, 168, 457. 

Leycester, J. H. 1951 Nature, 168, 489 ; Nov. 
Bulletin of Brit. Council. 


Limits to intensive production in animals, 


1951 Nature, 168, 490. 


Milton, W. E. J. Cf. (1933) ‘ The palata- | 


bility of self-establishing species contributing to 
different types of grassland,’ Emp. J. Exp. 
Agric. 1, 347-60 ; (with R. G. Stapledon, 1932) 
‘ Yield, palatability and other studies on strains 
of various grass species,’ Welsh Plant Breed Stn. 
Bull. H, 13, 10-32; (with R. O. Davies, 1947), 
‘ The yield, botanical and chemical composi- 
tion of natural hill herbage under manuring, 
controlled grazing and hay conditions.’ 7. 
Ecol., 35, 65-95. 

Problems of marginal land farming. 1951 
Nature, 168, 457. 

Storage of farm products. 
488. 

Yates, Dr. F. and Boyd, Dr. D. A. Cf. 
Crowther, E. M. and Yates, F., ‘ Fertiliser 
policy in wartime : fertiliser requirements of 
arable crops.’ Emp. 7. Exp. Agric., 9, 77-97; 
Yates, F., Boyd, D. A., Mathison, I, ‘ The 
manuring of farm crops: some results of a 
survey of.fertiliser practice in England,’ Emp. 
F. Exp. Agric., 12, 163-176 ; Yates, F., Opera- 
tional research, Nature, 161, 609 ; Boyd, D. A.; 
Dyke, G. V., ‘ Maincrop potato growing in 
Eng. and Wales,’ N.A.A.S. Q. Rev., Winter 
47-57. 


1951 Nature, 168, 


D.S.I.R.S. 
World communications. 


446. 


1951 Nature, 168, 
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GENERAL TREASURER’S STATEMENT 
AND ACCOUNT, 1950-51 


(Received and adopted by the General Committee on August 8, 1951) 


BrigrLy the position is that both income and expenditure were greater than last year, leaving a 
slightly larger deficit. Expenditure has exceeded £10,000 for the first time and, although the 
membership at Birmingham exceeded the high figure of 3,700, bringing in £600 more than last 
year, the deficit on the General Account was £670. One item of expenditure, that for printing 
and circulating a statement by the President, urging members to pay their subscriptions under 
covenant, will, it is hoped, bear substantial fruit which will appear in next year’s account. 

The continuation of an annual deficit is eating into our accumulated capital and is a source of 
anxiety. It is hoped that members will all do what they can towards restoring a favourable 
balance to the General Account. The following means to this end are suggested :— 


(1) Payment of annual subscriptions at the full membership rate of two guineas, rather than 
at the associateship rate of one guinea which has now become very low in relation to 
privileges secured and to the expenses which the Association has to meet ; 

(2) Regular maintenance of annual subscriptions even when the member is unable to attend 
the annual meeting ; 

(3) Completion of the form of covenant to enable the Association to reclaim tax in respect 
of the annual subscription. 


A legacy from the late Major A. F. Bowker has been added to the Accumulated Fund and is 
most gratefully acknowledged. 

The state of the special funds, other than the Down House Fund, calls for no particular com- 
ment, as in these cases it is found possible to keep expenditure within the limits of income. 

Expenses at Down House now regularly exceed income and must continue to do so unless new 
income can be found, while the affairs of the House stand on their present footing. £878 5s. 9d. 
of 24% Consols had to be sacrificed on March 31, 1951, with an incidental capital loss of over 
£100, to make good a deficit of more than £600. 

As has been previously reported, negotiations are in progress in the hope of turning the 
property to new uses for which financial support may be forthcoming. 

Thanks are due to the Curator of Down House, to the Secretary and other members of the 
staff for the economical and devoted way in which they have conducted the work of the Associa- 
tion during the year. 

M. G. BENNETT, 
General Treasurer. 
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General Treasurer’s Account 


Balance Sheet, 31st March, 1951 


(Figures in italic type and square brackets, to the left of columns, are those of the preceding year’s account, inserted for comparison.) 


LIABILITIES ASSETS 
GENERAL PURPOSES :— £ s. d. | GENERAL PuRPOSES :— 
Sundry Creditors - 1,662 8 4 Investments as scheduled with 
Amounts received in ‘advance Income and Ac- 
publications 140 9 3 count, No.1 . ° - ae 8 8 
Membership and Associateship Sundry 238 11 2 
subscriptions in advance ° 190 18 8 Cash at bank ‘ ° . ° 127 10 8 
1,983 16 3 Addressing machine (less 
Accumulated Fund allowance on old one) 202 10 0 
As per last Account . ° - 44,924 3 8 Less Amount charged to 
Less Excess of Expenditure over Income and Expendi- 
Income for the oni on General ture Account for the 
Account. 670 2 9 year - 4010 
——-_ 162 0 O 
44,254 O11 Stock of Badges. : ° 328 7 6 
Add, Legacy by Major A. F. Bowker 10 0 
44,264 O11 
Life Membership Compositions 
As per last Account . 6,245 0 4 
Add Subscriptions received during 
year . 472 10 0 
6,717 10 4 
Less Amount transferred to Income 
and Expenditure Account . . 4510 0 
6,672 0 4 
[52,309 4 11) 52,919 17 6 [52.309 4 11] 
Development Fund Development Fund 
As perlast Account. . - 6,040 5 11 Investments (see Income and Ex- 
Add Excess of Income over Expen- penditure Account No. ied ‘ 6,152 6 O 
diture for the year . 15211 4 Cash at bank 4011 3 
[6,040 11) 6,192 17 3 | [6,040 5 11) 
SPECIAL PuRPos#s :— SPECIAL PURPOSES :— 
Caird Fund Caird Fund 
Cap oa : 9,928 17 9 Investments (see Income and Ex- 
Income and Expendi- penditure Account, No. 3) - 10,828 17 9 
ture Account balance Cash at bank ; - 187 14 6 
as perlast Account . 505 1 2 
Add Excess of Income 
over Expenditure for 
the year . S218 4 
537 14 6 
[10,433 18 11] 10,466 12 3 | [10,433 18 11) 
Toronto University Presentation Fund Toronto University Presentation Fund 
Capital : ° - 17811 4 Investment (see Income and Ex- 
Income and Expendi- penditure Account, No. 4) ~ 197628 « 
ture Account balance Cash at bank 5’ 2 
as perlast Account. 5 4 9 
Less Excess of Expendi- 
ture over Income for 
the year . 2 6 
(183 16 1) 183 13 7 | [183 16 1] 
Bernard Hobson Fund Bernard Hobson Fund 
Capital . e - 1,093 2 6 Investments (see Income and Ex- 
Income and Expendi- penditure Account, No. 5) - 1,243 2 6 
ture Account balance Cash at bank ; ;: . - 248 4 6 
as per last Account . 365 15 5 
Add Excess of Income 
over Expenditure for 
the year 8.4 
—— 398 4 6 
(1,458 17 11] 1,491 7 © | [1,458 17 11) 
Leicester and Leicestershire Fund, 1933 Leicester and Leicestershire Fund, 
Capital - 1,000 0 
Income and Expendi- Investments (see Income and Ex- 
ture Account balance penditure Account, No. 6) - 1,000 0 0 
as per last Account . 166 16 5 Cash at bank . > ; ° 19712 2 
Add Excess of Income 
over Expenditure for 
the year . $0 15 9 
—— 19712 2 
(1,166 16 5} 1,197 12 2 [1,166 16 5] 
Radford Mather Lecture Fund iene Radford Mather Lecture Fund (1936) 
Capital . ; 250 0 O Investment (see Income and Ex- 
income and Expendi- penditure Account, No. 7) . 250 0 0 
ture Account balance Cash at bank. 29 411 
as perlast Account . 4310 6 
Less Excess of Expen- 
diture over Income for 
the year . 446 7 
29 411 
{293 10 6) 279 411 | (293 10 6) 
Arthur Haydock Bequest (1945) Arthur Haydock Bequest (1945) 
Capital . . - 2,215 12 0 Investments (see Income and Ex- 
Income and Expendi- penditure Account, No. 8) . 2,465 12 0 
ture Account balance Cash atbank . 10612 1 
as perlast Account . 298 15 3 
Add Excess of Income 
over Expenditure for 
the year . - 5616 10 
355 12 1 
[2,614 7 3] 2,571 4 1 2,514 7 3] 
[74,400 17 11) Carried forward . 75,302 8 9 | [74,400 17 11] Carried forward : 
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General Treasurer’s Account 
Balance Sheet, 31st March, 1951 (continued) 
t») (Figures in italic type and square brackets, to the left of columns, are those of the preceding year’s account, inserted for comparison.) 
LIABILITIES (continued) ASSETS (continued) 
(74,400 17 11) Brought forward 75,302 8 9 | [74,400 17 11] Brought forward 75,302 8 9 
Corcoran Gift (1946) Corcoran Gift (1946) 
Capital ‘ 100 0 Investment (see Income and_ Expen- 
Add Excess of Income over Expen- diture Account, No. ” i ~ 10 0 0 
diture forthe year . 3 5 1 Cash at Bank 
{100 0 Oj 103 5 1 (100 0 Oj 103 5 
Down House Down House 
Endowment Fund as ” Investments (see Income and Ex- 
per last Account 18,497 12 4 penditure Account, No. 10) - 17,698 4 0 
Less Excess of Expendi- Sundry Debtors . 10 0 6 
ture over Income for Catalogues in stock, at cost . ‘ 38 19 O 
the year . . - 639 12 11 Cash at bank ‘ ‘ 1512 8 
Loss on stock transferred Cash in hand ° ° ° 4114 5 
for cash, to Develop- 
ment Fund and Caird 
Fund . 07 O20 
74613 9 
17,750 18 7 
Library Fund. J 311 4 
Sundry Creditors 50 8 
(18,552 1 4) ———— 17,804 10 7 (18,552 1 4] —_————- 17,804 10 7 
tt (98,052 19 3] £93,210 4 5 | [93,052 19 3] £93,210 4 5 
17 3 
We have examined the foregoing Account with the Books and Vouchers and certify the same to be correct. We have also verified 
the Balance at the Bankers and the Investments, and have inspected the Deeds of Down House. 
Approved : W. B. KEEN & CO., Chartered Accountants, 
H. S. ROWELL, Auditor. Finsbury Circus House, E.C, 2. 
Note.—The other Hon. Auditor, Dr. J. C. Maxwell Garnett, was indisposed at the time of the audit. 
12 
13 
12 2 
41 
4] 
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General Treasurer’s Account 


INCOME AND EXPENDITURE ACCOUNTS FOR THE YEAR ENDED 
31st MARCH, 1951 An sp 


No. 1. General Income and Expenditure 


(Figures in italic type and square brackets, to the left of columns, are those of the preceding year’s account, inserted for comparison.) 


Investments at cost : 
£7,011 8s. 2d. Consolidated 24 per cent. Stock 
(Inscribed) 5,401 3 0 
£1,252 16s. 2d. Consolidated ‘24 per cent. Stock 
(Registered) . 1,000 0 0 
£4, ed 19s. Od. 3 per cent. Savings ‘Bonds 
5/65 . 4,088 19 0 ie 
p1.808 0s. Od. 3 per cent. Savings Bonds 
1960/70 - 1,816 1 8 
£18,400 Os. Od. 3 per cent. Savings Bonds, To Ac 
1965/75 19,098 11 9 6 
£52 12s. 7d. 3 per cent. War Stock (Post | Ba 
Office 54 5 2 
£7,704 6s. 2d. 34 per ‘cent. War "Stock, 1952 [140 
or after 7,840 0 9 amas 
£6,768 15s. 7d. 34 per cent. Conversion Stock, [155 1 
1961 or 5,726 8 11 
£4,184 183. 2d. 24 per cent. Treasury ‘Stock, 
1975 or after . 4,184 18 2 
£1,400 = Od. 4 iad cent. Funding’ Loan “Stock, 
196 0/90 1,622 0 0 
£981 10s. Od. 4 ‘per cent. Commonwealth of Th 
Australia Stock 1955/70. 1,000 0 0 oie 
i 3s. ~~ 3 per cent. British Transport! Stock, 
1978/88 125 0 0 
£100 Os. Od. 3 per cent. Defence Bonds | ° 101 0 3 ——_ 
Post-war Credit, J. R. Solly, deceased . 5 0 0 
[Value of stocks at (Value at 31/3/51, 
31/3/50, 50, £47,486 10s. 9d.} £47,440 16s. 10d.) 
[52,063 8 8] £52,063 8 8 
EXPENDITURE INCOME 
To Heat, Lighting and Power . “ 106 611 | By Annual subscriptions . . 5,400 15 6 
Stationery 354 19 O »» Life Compositions : amount trans- 
ss Part cost of addressing machine . 4010 0 ferred on expiry of membership 45 10 0 
»» Rent i 100 Sale of Publications: 
»» Postages . 439 19 10 The Advancement of Science” 599 2 1 
»» Telephone 37 11 6 Other items. é 4 
»» Insurances > 11 8 4 688 3 2 
Travelling expenses . : 543 6 91 ,, Advertisements in B.A. publications : To Gr 
» Audit for 1949-50. 84 0 0 The Advancement of Science” 712 9 » Ad 
» Exhibitioners: . 10115 2 Preliminary Programme, 1950. 220 0 8 
Less Contribution by Liverpool Programme, 1950 . : . 420 6 5 [320 16 
University . > 50 0 0 1,352 16 1 » Bal 
ee 5115 2 »» Income Tax recovered to 3ist pen 
»» Subscription to Parliamentary and March, 1950 . ; ; 119 1 4 [23 6 
Scientific Committee 10 10 O »> Interest on Investments 1,653 9 8 
» Hire of meeting rooms, equipment, >> Donations 76 0 4 (343 15 
etc. 4610 6 Charges for administration of 
Lit etc., by outside offices . 400 Special Funds 147 011 Grants 
*” ft Inspection and Repairs . 2514 41] ,, Unesco fee for report on Science Napl 
es 1417 0 Clubs. 50 0 0 Revit 
books, press cuttings, Inter 
etc. : S 50 11 3 | [8,619 10 6] 9,532 17 0 Bury 
» General expenses. . 88 11 0 | ByBalance,being excess of Expenditure - 
»> Panels of armorial bearings . 13 8 overIncomefortheyear . 670 2 9 {173 0 
>» Salaries, wages, pensions end (401 0 7 — 
National Insurance. ° ; 4,178 0 9 ] 
» Printing, etc.— 
“* The Advancement of Science”’ 2,338 14 4 
Preliminary Programme, 1950. 35611 8 
Programme, 1950 . e - 62510 8 A fund 
iscellaneous a ow 2 uni 
3,859 13 5 
x» Norman Lockyer Lecture, 1950: (Fi 
Fee 1010 O 
» Alexander Pedler Lecture, 1950: 5 
Fee 1010 
Hospitality 8115 1 
»» Membership badges used . : 108 611 
»» Legaladvice . 4 4 0 
3» Conference on Biological Hazards 
of Atomic Energy: share of 
expenses ° 20 0 0 
Subscription to International Union 
for the Protection of Nature . 5 0 0 
9 
[9,020 11 1) £10,202 19 9 | [9,020 11 1} £10,202 19 9 0 Cost 
» Pres 
» Adm 
4 ¢ 
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| A fund voluntarily subscribed by members present at the Toronto Meeting in 1924. 


No. 2. Development Fund 


General Treasurer’s Account 


An appeal for a Development Fund to be used under the direction of the Council, was made at the Annual Meeting at Dundee in 1947. 


The fund is still open. 


Investments at cost : £ d 
£2,745 19s. Od. London oar 22 per cent. 


Consolidated Stock, 1960/70 ‘ 2,750 0 0 
£2,679 1s. 6d. Bristol Corporation 3 per cent. 
Redeemable Stock, 1958/63 2,750 0 0 
£454 11s. 6d. 3 per cent. London County Con- 
solidated Stock, 1956/61 . 452 6 0 
£292 15s. 3d. Consolidated 24 per cent. Stock . 200 0 0 
[Value of stocks at 31/3/50, (Value at 31/3/51, 
£5,576 18s. 9d.} £5,780 1s. 10d.) 
[5,952 6 0] £6,152 6 0 
Cash at bank . i ‘ £4011 3 
EXPENDITURE INCOME 
£ s. d. £ s. 
To Administration charge 16 19 O | By Dividends and Interest 133 7 0 
(15 11 »» Income Tax recovered 36 3 4 
» Balance, being excess of over 
diture for the year . 152 11 4 
(140 11] 
(155 17 8] ; £169 10 4 4 [155 17 8] __ £169 10 4 


No. 3. Caird Fund 


The unconditional gift of Sir James Caird, in 1912, administered by the Council in accordance with recommendations adopted by the 


General Committee in 1913. 


(Figures in italic type and square brackets, to the left of columns, are those of the preceding year’s account, inserted for comparison.) 


To Grants (see Schedule) 
»» Administration charge 


[320 10 0) 


» Balance, being excess of Income over Ex- 


penditure for the year ° 
[23 5 6] 


[343 15 


Grants authorised, not yet drawn :— 


Naples Zoological Station . 
Revival of Geography . 
Inter-Tropical Africa . 
Bury St. Edmunds Skuil Site 


[173 0 0} 


Investments at cost : 
£2,627 Os. 10d. 3 per cent. Savings Bonds ‘ A,’ 
£2,716 16s. 6d. 34 per cent. War Loan Inscribed 
Stock 2,516 15 5 
£4,282 18s. 9d. 3 per ‘cent. British Transport 
Stock, 1978/88 4,785 1 6 
£585 10s. 6d. Consolidated 2h per cent. Stock . 400 0 0 


[Value of stocks at 31/3/50, (Value at 31/3/51, 


£8,806 19s. 9d.) £9,193 4s. 5d.) 
[9,928 dW 9 £10,328 17 9 
Cash at bank . ° £137 14 6 
INCOME 
239 9 6 | By Dividends and Interest 24411 4 
30 4 9 »» Income Tax recovered 5716 3 
269 14 3 
£302 7 7 | (343 15 6) £302 7 7 


o|cooco 


No. 4. Toronto University Presentation Fund 


From the income a presentation of two bronze 


medals each year is made, together with presents of books, to selected students in pure and applied science respectively. 
(Figures in italic type and square brackets, to the left of columns, are those of the preceding year’s account, inserted for comparison.) 


Investment at cost : 


(Value of stock at 31/3/50, 


£175 Os. Od. 34 per cent. War Stock . ° 178 11 4 


(Value at 31/3/51, 
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£161 Os. 0d.) £161 Os. 0d.) 

£178 ils. 4d.) £178 11 4 

— 

Cash at bank 2 3 

EXPENDITURE INCOME 
£ & £ @ 
To Cost of medals for 1950 2 7 6 | By Interest . 62 6 
» Presents of books, through Toronto University . 3 5 3 | By Balance, being excess of Expenditure over In- 
» Administration charge 12 3 come for the year. ° 2 6 
4 0) 6 5 0| [6 4 6 56 0 
£ [ 1 


= 


General Treasurer’s Account 


No. 5. Bernard Hobson Fund 


The bequest of Mr. Bernard Hobson, 1933; the income to be applied to the promotion of geological research ; 


administered by the 
Council. 


(Figures in italic type and square brackets, to the left of columns, are those of the preceding year’s account, inserted for comparison. 
q 


Investments at cost : 6; “a, 
£50 Os. Od. 4 per cent. Victory Bonds ; 55 10 5 
£601 9s. Ud. 24 per cent. Treasury Stock, 1975 
or after . 601 9 O 
£416 Os. 11d. 3h per cent. War Stock (Inscribed) . 436 3 
‘ £178 16s. 4d. Consolidated 24 per cent. Stock 
(Registered) 150 0 0O 
[ Value of stocks at 31/2/50, (Value at 31/3/ 5, 
£968 12s 10d.) £964 4s. 7d.) 
[1,243 2 6) £1,243 2 6 
Cash at bank . £248 4 6 
EXPENDITURE INCOME 
To charge 312 1 | By Interest 36 1 2 
>» Balance, being Excess of ee over Ex- 
penditure for the year . 32 9 1 
{32 9 
[36 1 2] £36 1 2| (36 1 2) £36 1 2 
Grant authorised, not yet drawn :— 
Critical Geological Sections £20 0 0 
{20 0 0} £20 0 


No. 6. Leicester and Leicestershire Fund, 1933 


The unexpended balance of the local fund for the Leicester Meeting in 1933, presented to the Association, the interest to be used in 
assisting by scholarships or otherwise students working for the advancement of science ; administered by the Council. 


(Figures in italic type and square brackets, to the left of columns, are those of the preceding year’s account, inserted for comparison.) 


Investments at cost : 


£487 2s. 11d. 3} per cent. Conversion Stock 5 500 0 0 
£490 5s. 11d. 34 per cent. War Stock > 500 0 O 


( Value of stocks at 31/3/50, (Value at 31/3/51, 
£899 4s. 11d.} £899 4s. 11d.) 
[1,000 0 0) £1,000 0 0 
Cash at bank ; ° £107 12 2 
EXPENDITURE INCOME 
To Administration charge . . 3 8 5 | By Interest : 34.4 2 
»» Balance, being Excess of Income over Ex- 
penditure for the year. 30 15 9 
[se 4 4 2) £34 4 42 [34 4 2] £34 4 2 


No. 7. Radford Mather Lecture Fund 


A gift of £250 received from Mr. G. Radford Mather in 1936 to establish a Fund, the income therefrom to be devoted to meeting the 
expense of triennial Lectures on Recent Advances in Science and their relation to the Welfare of the Community. 


(Figures in italic type and square brackets, to the left of columns, are those of the preceding year’s account, inserted for comparison.) 


Investment at cost : 
£248 17s. 8d. 3 per cent. London aneny Con- 
solidated Stock, 1956/61 . 250 0 O 
(Value of stock at 31/3/50 (Value at 31/3/51, ’ 
£247 12s. 9d. £248 17s. 8d.) 
250 0 0} £250 0 0 
EXPENDITURE INCOME 
Loud. £ sd 
To Lecture fee . 21 O | By Interest 
x Administration charge . 14 11 »» Balance, bein excess of Expenditure over In- 7 
»» Balance, being Excess of Income « over Expen- come forthe year . 14 5 
diture for the year --- ae 
9 4 £21411; (7 9 4 £21 14 11 


Ab 


In! 


To G 
(60 
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General Treasurer’s Account 


No. 8. Arthur Haydock Bequest 


A bequest received in 1945 ‘‘ for the purpose of original investigation of problems relating to either or both of Geology or Botany 
as may be determined by the governing body of the British Association.” 


£2,090 4s. Od. 34 per cent. Conversion Stock 
(Registered) 2,215 12 0 
£362 68. 3d. Consolidated 2h per “cent. Stock 
(Inscribed) . ‘ 250 0 0 
[Value of stocks at 31/3/50, (Value at 31 13/51, 
£2,172 19s. 7d.] £2,171 3s. 4d.) 
(2,465 12 0] £2,465 12 0 
Cash at bank ‘ « £106 12 1 
EXPENDITURE INCOME 
To Grant (see Schedule) . 17 3 1 | By Interest 82 4 4 
0 90) 
charge 8 4 5 
3 
ve , Balance, being Excess of Income over Expen- H 
diture forthe year. ‘ F 56 16 10 | 
(60 16 9} 
| 4 
(3 3 0) £02 _ 4 4) (73 3 £82 4 4 
No. 9. Corcoran Gift 
A gift of £100 received in 1946 for research in memory of Miss J. R. Corcoran. 
Investment at cost: 
£144 18s. 6d. Consolidated 24 per cent. Stock 100 0 0 
at 31/3/50, (Value at 31/3/51, 
£100 Os. 0d.) £99 3s. 8d.) 
[100 0 0] £100 0 0 
EXPENDITURE INCOME 
L sd. 
To Administration charge . 7 3 | By Interest $ 18 4 
» Balance, being excess of Income over Expendi- 
ture for the year : . $ 6 1 
4\t - 4 12 4 


No. 10. Down House 


In response to an appeal made in 1927 by Sir Arthur Keith, F.R.S., then President of the British Association, Mr. (later Sir) Buckston 
Browne, F.R.C.S., acquired the property of Down House, formerly the home of Darwin, and transferred it with an endowment of 
£20,000 to the ‘Association expressing the wish that it be held in custody for the nation as a memorial to Darwin. 


(Figures in italic type and square brackets, to the left of columns, are those of the preceding year’s account, inserted for comparison.) 


Investments at cost : £26 
£3,000 Fishguard and Rosslare Railway and 
Harbours 3} per cent. Guaranteed Preference 

Stock 2,139 17 3 

£9,405 8s. 9d. Consolidated 24 per. cent. Stock 7,608 9 7 

£2,444 15s. 10d. 3 per cent. Redemption Stock, 

1986/96 (Registered) . 2,500 0 0 

£7; 380 9s. 9d. 3 per cent. British Transport Stock, 

1978/88 5,449 17 2 


Value of stocks at 31/3160, ‘(Value at 31/3/51, 
8,383 11d. £17,735 17s. 6d.) 
[18,4 405 £17,698 4 O 
EXPENDITURE | INCOME 
£ sd. | 
To Wages of Staff . - 1002 6 8 | By Rents receivable 84 6 8 
» Rates, Insurance, etc. . ; 36 14 11 Income Tax recovered to Bist 
» Electricity . 4i 9 | March, 1950 . ‘ 14617 8 
» Fuel,etc. . ‘ 112 2 »» Dividends and Interest 509 19 0 
Drainage ‘ ‘ 18 13 10 Sale of catalogues, postcards and 
» Water. 22 7 0 photographs . 1813 6 
” » Repairs and Renewals . 30 2 ¢ »» Donations received . : 4615 9 
d and Garden: materials and maintenance s» Seismological Investigations Com- 
(see opposite) . 56 7 9 mittee grant from 
flouschold requisites, etc. ; 14 6 1 Trust . 1 0 0 
— » postage, telephone, stationery 3 ‘ 8 6 0 » Sale of garden produce . 21 510 
ology (insurance of ; »» Refund of rates on curator’s rooms - - 
” istration charge . 82 17 1 
transport, Carriage, etc. 2911 (935 16 11} 828 18 5 
” » Hospital ality . 17 8 |» Balance, being Excess of Expendi- 
hitect’ See for advice on adaptation of Down ture over Income for the year 639 12 11 
House as a residential centre* . 38 8 2 
* Note:—It is hoped that this amount may be recoverable. (628 11 1) edad 
8 £1,468 11 4 664 8 £1,468 11 4 
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REPORT OF COUNCIL TO THE GENERAL 
COMMITTEE, 1950-51 


(Received and adopted by the General Committee on August 8, 1951) 


OBITUARY 
1. Since the Council’s last annual report 
the Association has suffered loss by the 
death of Field-Marshal J. C. Smuts, P.C., 
C.H., F.R.S. (President, 1931) and of the 
following office bearers and supporters : 


Thos. Ballantyne Prof. H. Gordon 


Dr. J. M. Caie Jackson 
Dr. L. J. Comrie, Cosmo Johns 
F.R.S. Dr. Alexander Low 


Prof. W. T. Gordon Canon J. A. Mac- 


Prof. R. J. D. Gra- Culloch 

ham Sir Leonard Par- 
Capt. E. H. Gre- sons 

gory A. S. Raworth, 
Sir Sidney  F. Seigneur de St. 

Harmer, K.B.E., Jean 

F.RS. Prof.ThomasTurner 


Dr. H. M. Vernon 


RELATIONS WITH OTHER INSTITUTIONS 


2. By the appointment of official repre- 
sentatives, and in other ways, the Associa- 
tion has maintained cordial relations with 
Institutions at home. During the year 
there were two changes in representation 
of the Association. The General Treas- 
urer was appointed to membership of the 
Parliamentary and Scientific Committee 
in succession to Dr. C. Tierney for whose 
services in this connection, for many years, 
the Council acknowledges a debt of grati- 
tude. On the death of Prof. H. Gordon 
Jackson, the Council appointed Dr. 
Edward Hindle to succeed him as a repre- 
sentative Governor of the U.K. Marine 
Biological Association. The Council ac- 
cepted an invitation to appoint repre- 
sentatives to attend the annual meeting of 
the Museums’ Association at Belfast in 
June, 1951, and nominated Dr. D. A. 
Allan and Dr. W. E. Swinton. 


3. As regards Institutions overseas, rela- 
tions with Associations for the Advance- 
ment of Science have been greatly 
strengthened during the year, in two 


ways: by exchange of representatives at 
annual meetings and by the establish- 
ment of machinery for developing col- 
laboration. 

At the Birmingham meeting the Associ- 
ation entertained as guests representatives 
of the Associations in Brazil, Canada, 
France, India, Pakistan, South Africa and 
the United States of America. The 
Association was represented at the meeting 
of the Indian Science Congress Association 
(Bangalore, January 1951) by Sir John 
Russell, and at the meeting of the French 
Association (Tunis, May 1951) by the 
Secretary. At the meeting of the Aus- 
tralian and New Zealand Association 
(Brisbane, May 1951) there was no official 
representative but a number of dis- 
tinguished British men of science, all 
members of the Association, were present 
by special arrangements which the Officers 
of the A.N.Z.A.A.S. were able to make 
in connection with the Commonwealth’s 
Jubilee Celebrations. The exchange of 
representatives continues to be hampered 
by lack of funds, but the Council was 
pleased to learn during the year that the 
British Council was consulting Associa- 
tions for the Advancement of Science in 
other Commonwealth countries with a 
view to establishing a scheme for meeting 
the expenses of such delegations. 

At Unesco House in Paris on Sep- 
tember 8 and 9, 1950, there were dis- 
cussions on proposals for closer collabo- 
ration between Associations for the 
Advancement of Science. The meeting 
was sponsored by Unesco and was attended 
by representatives of nearly all the 
Associations. Sir Richard Southwell was 
present and served as a member of a Com- 
mittee which drafted the resolutions of 
the Conference. These resolutions, which 
have been endorsed by the Council, and 
by the corresponding authorities of other 
Associations, are given in the Appendix 
attached to this report. 
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4. The Birmingham meeting was at- 
tended by representatives of nine of the 
International Scientific Unions and invi- 
tations have been renewed for the meeting 


'in Edinburgh. Sir Harold Hartley will 


represent the Association at the 12th 
International Congress of Pure and 
Applied Chemistry in the United States 
in September. 


5. The Council has continued to be 
represented on the British Committee 
for co-operation with Unesco in the 
Natural Sciences and one of the Associa- 
tion’s representatives, Dr. Edward Hindle, 
has been appointed as the Committee’s 
delegate to the Sixth General Assembly of 
Unesco. 


FINANCE 


6. The General Treasurer has kept the 
Council informed of the state of the Asso- 
_ciation’s finances and his Statement and 
| Account for the financial year ending 
March 31, 1951, will be submitted to the 

| General Committee. 


EDINBURGH MEETING 


In making arrangements for the pro- 
gramme of the Edinburgh Meeting, the 
Council thought it would be appropriate 
for the Association to take some part in 
the Festival of Britain, whose object is to 
display the British contribution to civilisa- 
tion in the arts, in science and in industrial 
design. The Sections have generously 
responded to the Council’s invitation to 
include in their programmes addresses 
and papers reviewing the progress of 
science during the past century. The 
_ Council acknowledges the special efforts 

which have been made in this connection 

by distinguished members, including the 

President and seven Presidents of Sections. 


Future MEETINGS 


7. Belfast 1952: The General Com- 
mittee have already accepted an invitation 
from Belfast for the meeting in 1952. 
The Council have provisionally arranged 

| that the meeting be held during the period 
September 3-10, 1952, and recommend 
that these dates be approved. The Prime 
Minister of Northern Ireland and the 
| Lord Mayor of Belfast have agreed to act 
8 Local Patrons of the meeting and Vice- 
Presidents of the Association ; the Vice- 


Report of Council to the General Committee 


Chancellor of Queen’s University, Belfast, 
has been appointed Chairman of the Local 
Committee and a Vice-President of the 
Association, and the following other 
appointments have been made: Local 
Treasurer : Mr. W. E. Crawford, City Trea- 
surer ; Local Secretaries : Mr. John Dunlop, 
C.B.E., Town Clerk; and Professor K. S. 
Isles. 


8. Liverpool 1953: An invitation has 
already been accepted. The date has not 
yet been considered. 


OFFICERS AND COUNCIL 


9. Chairman of Council, 1951.—Under 
powers given by the Regulations, the 
Council appointed Sir Harold Hartley, 
K.C.V.O., F.R.S., to act as Chairman of 
Council in the absence of the President, 
H.R.H. the Duke of Edinburgh, K.G., 
F.R.S., on duty overseas. 


10. President, 1952.—The Council will 
make a recommendation to the General 
Committee. 


General Officers, 1951-52.—The Council 
have accepted with regret the retirement 
of Dr. Edward Hindle, F.R.S., who has 
served as Honorary General Secretary 
(Biological) since 1946 and wish to place 
on record an expression of deep indebted- 
ness to him for his devoted service to the 
Association. The Council nominate for 
appointment as General Officers for the 
year 1951-52 : 

General Treasurer: Mr. M. G. Bennett. 

General Secretaries: Sir Richard South- 
well, F.R.S., and Sir Arthur Trueman, 
K.B.E., F.R.S. 


11. Other Members of Council, 1951-52.— 
The members retiring under Statute ITI, 3, 
are: Prof. G. C. Allen, Sir William Ogg, 
Sir John Simonsen, Prof. W. O. Lester 
Smith, and Sir Arthur Trueman. Under 
the powers given to them by Statute the 
Council nominate for appointment : Prof. 
H. D. Kay, Prof. W. J. Pugh, Prof. W. 
Wardlaw, leaving two vacancies in the 
ordinary membership to be filled by the 
General Committee without nomination 
by the Council. If the General Com- 
mittee approve the following list of 
nominations the two remaining vacancies 
must be filled by representatives of Sec- 
tions F (Economics) and L (Education). 
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The full list of 28 nominations is as 


follows : 
Prof. F. 
Browne 
M. C. Burkitt 
Ritchie Calder, 
C.B.E. 
Wing-Comm. T. R. 
Cave - Browne- 
Cave, C.B.E. 
Prof. H. G. Cham- 
pion, C.I.E. 
Sir Fred Clarke 
Prof. Winifred Cul- 
lis, C.B.E. 
Sir Alfred Egerton, 
F.R.S. 
Dr. K. G. Fenelon 
Prof. H. P. Gilding 
Dr. Ezer Griffiths, 
O.B.E., F.R.S. 
Dr. D. B. Harden 
Dr. O. J. R. How- 
arth, O.B.E. 


Balfour- 


Sir Harold Spencer 


Jones, F.R.S. 
Prof. H. D. Kay, 
C.B.E., F.R.S. 


12. Honorary Auditors, 


Prof. E. H. Neville 
Dr. S. J. F. Phil- 
pott, M.C. 

Prof. W. J. Pugh, 
O.B.E., F.R.S. 
Dr. J. Ramsbottom, 
O.B.E. 
Rennell of 


Lord 
Rodd, K.B.E., 
C.B. 

Prof. L. Dudley 
Stamp, C.B.E. 
Dr. C. J. Stubble- 

field, F.R.S. 
Dr. H. Hamshaw 


Thomas, M.B.E., 
F.R.S. 
Dr. C. Tierney 
Prof. W. Wardlaw, 
C.B.E. 
Dr. H. E. Wimperis, 
C.B., C.B.E. 
Prof. A. W. Wolters 
Dr. N. C. Wright 


1951-52.—The 


Council recommend the reappointment 
of Dr. J. C. Maxwell Garnett, C.B.E., and 
Dr. H. S. Rowell, O.B.E. 


GENERAL COMMITTEE 
13. The following have been admitted 
as members of the General Committee on 
the recommendation of Sectional Com- 


mittees : 


Dr. H. B. Cott 
Prof. E. Giffen 
Dr. J. P. Harding 


Dr. T. Robertson 
Dr. F. Roffey 
Dr. J. Taylor 


Dr. A. G. Macgregor Dr. E. A. Watson 


Dr. H. Nisbet 
Prof. J. A. Pope 


E. O. Wisbey 
A. J. A. Woodcock 


RESEARCH 
14. Following the Birmingham meeting 
the Council appointed 16 Research Com- 
mittees on the recommendation of Sec- 


tions. 


They are listed in The Advancement 


of Science, Vol. VII, No. 27, p. 357. From 
funds under their control the Council 
approved the following grants to 7 of 
those Committees : 


Committee Grant Funa 
£ 
Critical Geological Sections 20 Hobson 
Biology and Rural Science in 


Schools 
Cytology and Genetics 
Naples Station : 
Revival of Geography in Nine- 
teenth Century : 
Inter-Tropical Africa 
Bury St. Edmund’s Skull Sit 
Leicester Excavations 


10 Haydock 
5 
50 Caird 
5 
5 
15 
75 Leicester 


TABLES AT BIOLOGICAL STATIONS 


15. For many years the Association has 
made grants to biological research stations 
at Naples, Plymouth and Windermere, in 
return for which the Association has had 
the privilege of nominating people to 
occupy tables at those stations. The 
grants have hitherto been administered by 
Committees which have been regarded as 
Research Committees and, on this account, 
the grants payable to the stations at Ply- 
mouth and Windermere came under re- 
view in connection with the Statute pro- 
hibiting the payment of more than § 
grants to any Committee after the year 


1945/6. 


The Council decided that it 


would be appropriate to rent tables at 
those stations and to appoint tenants on 
the. recommendation of a panel appointed 


to deal with both stations. 
been taken accordingly. 


Action has 


MEETINGS AND LECTURES 


16. Through the Division for Social and 
International Relations of Science, the 
Association collaborated with the Insti- 
tute of Biology and the Atomic Scientists’ 
Association in arranging a two-day Con- 
ference on ‘ Biological Hazards of Atomic 
Energy’. The Conference was held in 
the rooms of the Royal Institution in 


October, 1950. 


The papers and discus- 


sion were recorded for subsequent publi- 


cation in book form. 
17. The Norman Lockyer 


Lecture for 


1950 was delivered on November 24 at 
Edinburgh University by Professor C. F. 
Powell, who spoke on ‘ Cosmic Radia- 


tion.’ 


The Radford Mather Lecture for 


1950 was delivered on October 28 by Sir 
Lawrence Bragg. He spoke on ‘ Science 
and the Adventure of Living’ and the 
text of the lecture was published in The 
Advancement of Science, Vol. VII, No. 27, 


p. 279. 
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Fun PUBLICATIONS (b) That, on account of its historic 
Hobs 18. The Advancement of Science has been interest, the Milne-Shaw Seis- 
“en | published at regular quarterly intervals mograph No. 1, at Down House, 
Haydock | and the circulation has risen during the be offered to the Science Museum. 
year from 3,000 to 3,500 copies per (c) That Milne-Shaw Seismograph 
Caird quarter. 4 at Down 
oer ouse, be lent to the Department 
; 19. The Scientific Survey produced by the of Geology, University of Sy dney, 
Local Committee for the Birmingham f ; : 
a ; ‘ or the station being set up on 
Leicester meeting was well received by the members 
of the Association and most favourably 7 Oe 
ONS reviewed in journals. ‘The Council report British Archeology abroad (Section 
ion has @ With gratification that a Survey has The Council agreed to make represen- 
station | been produced for the Edinburgh meeting tations to the British Academy express- 
nere i, | and that another is in preparation for ing concern at the present lack of 
ras haq | the Belfast meeting. The Association is co-ordination of British archeological 
ople io | greatly indebted to the teams of experts activity abroad and urging that strong 
;. The | Who give so generously of their time and efforts be made to revivify the Joint 
ered by | Skill for the preparation of these Surveys Archeological Committee. 
ded a; | and to Local Committees for meeting the Bilston Burn (Sections C, E, K). At 
entire costs of production. the late Pro- 
’ essor W. 'T. Gordon drew attention to 
—~ RESOLUTIONS AND RECOMMENDATIONS a serious threat to a critical geological 
ite pro- 20. Following discussions at the Bir- section resolution was 
than 5 | mingham meeting the Council received eset E and “pa » Supported by 
he year } and considered a number of resolutions ections © an a 
that it with the following That the 
bles at results : Association or the vancement o 
ants on Geographical Terminology (Section E). Science approach the Secretary of 
pointed The Council authorised a Committee State for Scotland to point out that 
ion. has consisting of Lord Rennell, Professor the proposal to fill in the Bilston Burn 
Dudley Stamp, Professor Eva Taylor Valley way — oa gr 
and Professor S. W. Wooldridge to ap- new coal mine at Loanhead, Mid- 
proach the appropriate Officers of the lothian, will destroy, for all time, 
cial and Royal Geographical Society and to what is recognised by geologists as the 
ce, the invite the co-operation of that Society finest natural section of the Carboni- 
> Insti- in preparing a geographical glossary. ferous rocks in the country.’ 
ientists’ Transport Statistics (Sections E and F). The Council decided that an effort 
y Con- The Council approved and transmitted should be first made to negotiate with 
Atomic to the North Committee, a resolution Officers of the Coal Board. In May, 
held in inviting that Committee to approach 1951, after a series of consultations and 
tion in the Transport Commissioners and to meetings by the parties concerned had 
discus- ask them to make provision for the area failed to find a completely satisfactory 
| publi- and district statistics which are compiled solution, the above resolution was trans- 
in manuscript by the Transport Autho- mitted to the Secretary of State for 
wanes for rities to be made available to accredited Scotland. 
- 4 at research workers. 
cee Seismographs. ‘The Council endorsed PRIZES 
Radia- the following recommendations sub- 21. Endeavour Prizes. In the last annual 
ure for mitted on behalf of the Seismology report the Council announced an essay 
by Sir Committee by the Committee of Sec- competition for scientists not older than 
Science tion A : 25 years of age, the prizes being generously 
nd the (a) That Seismograph No. 6, on loan offered by the publishers of Endeavour. 
in The to the Observatory at Cape Town’ Essays on prescribed subjects were re- 
No. 27, be transferred to the new Ob- ceived from 117 competitors and the 
servatory at Hermanus ; prizes were awarded to W. J. T. Dunstan 
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(London), S. J. Adelstein (Harvard), 
F. J. C. Rossotti (Oxford) and R. D. 
Cohen (Bristol). The experiment having 
been successful a second competition has 
been announced in connection with the 
Edinburgh meeting. 


22. Exhibitioners’ Essay Prize. The 
Council’s prize for the best essay on the 
Birmingham meeting written by a student 
Exhibitioner was shared by J. M. Carr 
(Durham) and M. J. Lavoipierre (Liver- 
pool). 


ScIENCE CENTRE 


23. It has been recognised for many 
years that the bomb-damaged small suite 
of rooms at Burlington House which 
serves as the office of the Association has 
ceased to provide adequate headquarters. 
The Council can report with gratification 
that there is now expectation that new 
accommodation will be provided in the 
not too distant future. The Association 
has been represented on a Committee ap- 
pointed by the Royal Society to consider 
the post-war requirements of the Societies 
accommodated at Burlington House and 
of several others inadequately housed else- 
where in London. As a result of repre- 
sentations made by the Royal Society on 
behalf of all the societies concerned, the 
Government decided towards the end of 
1950 to provide, as soon as circumstances 
would permit, a new Science Centre in 
which independent suites of rooms will be 
provided for a number of scientific organi- 
sations including the British Association. 
The site has not yet been announced and 
the whole scheme is subject to detailed 
planning by a Committee on which the 
Association is represented by Sir Richard 
Southwell. 


ScHOOL SCIENCE SOCIETIES 


24. Following a decision of Council in 
November 1950 to offer assistance to 
School Science Societies by suggesting the 
names of suitable speakers, announce- 
ments were made in The Advancement of 
Science, Nature, Discovery, School Science Re- 
view and Times Educational Supplement, and 
a circular letter was sent to some 50 School 
Science Societies. In the first six months 
following the announcements 20 requests 
for help were dealt with by the office : the 
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majority of the correspondents asked to 


advice regarding speakers and appropriat 
introductions were made. 
spondents asked for and received assistang 


in arranging visits to works and laboratorig | ; 


British AssociaATION (1949) Trusr 


25. The Council learned with interey | 
during the year that the Local Executive} 


Committee for the Newcastle Meeting had 
transferred to King’s College, Newcastle 
approximately £2,200 (the balance of the 
Local Fund) in trust, to spend the income 
and capital for the following objects : 


(i) To provide a post-graduate student. 
ship of £200 to be called the 
British Association (1949) Student. 
ship to be awarded annually for 
one year ; 

To make grants not exceeding £75 
a year to enable students in colleges 
in N.E. England to attend annual 
meetings of the Association. 


(ii) 


Down HousE 


26. The number of visitors to the Dar- 
win Memorial at Down House during 
1950 was 4,030 as compared with 4,306, 
3,768 and 3,497 in the previous three 
years. The pre-war number of visitors 
was of the order of 7,000 annually. 


27. Records of rainfall have been main- 
tained and show that precipitation in 
1950 was 32-34 in. as compared with 
24-99 in. in 1949 and an average of 
31-4 in. in the previous 12 years. 


28. By leave of the Council, Darwin 
manuscripts were lent to the Festival of 
Britain authorities for exhibition in the 
Dome of Discovery at the South Bank 
Exhibition. 


29. In previous annual reports the 
Council have referrred to the need to 
undertake at Down House developments 
which would increase the usefulness of the 
property as a scientific centre and, at the 
same time, dispose of the ever-present 
financial anxiety which administration of 
the memorial involves. In the report for 
1950 it was recorded that the Council had 
under discussion with interested parties a 
proposal to develop the House as a small 
residential College without undue inter- 
ference to the memorial rooms, The 
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other interested parties are the Kent conferences on appropriate subjects. Be- 
Oropriatt! County Council and the Extra-Mural fore practical progress can be made with 
er corre) Delegacy of the University of Oxford, both this scheme it will be necessary to make 
ssistanceh of whom have agreed in principle to be some structural alterations to the build- 
oratories | joint sponsors, with the Association, of the ings which will require a capital sum of 
‘development and maintenance of Down £13,000 and building licences for that 
[rust | House as an adult Education Centre for amount. These are problems which are 
interes | short residential courses in the natural receiving the constant attention of the 
Xecutiye) sciences and as a centre for occasional Association’s principal Officers. 
ting had 
>weastle, 
ce of the 
> income APPENDIX 
Cts : 
RECOMMENDATIONS 
_ the | Anoprep BY THE INTERNATIONAL MEETING OF ASSOCIATIONS FOR THE ADVANCEMENT OF 
ScrENCE, Unesco House, Paris, SEPTEMBER 8-9, 1950. 
: The International Meeting of Associa- 2.331 for 1951 and subsequent similar 
ing £75 tions for the Advancement of Science resolutions, to assist new or weak 
colleges | commends : Associations for the Advancement of 
annual Science. 
|. That a committee of representatives 
of all Associations for the Advance- 3, That the Associations extend to other 
ment of Science be set up ; Associations for the Advancement of 
he Dar. that this committee function to assist Science, reciprocal privileges on the 
during in the objects and aims of all the pattern set by the American, British, 
1 4,306, Associations and especially to act as and French Associations. 
is_ three a co-ordinating and consultative body 
visitors on international and other matters of 4. That the Associations forward to all 
importance affecting the Associations ; other — for the —. 
ment of Science two copies each o 
nneee that this committee advise Unesco their publications for cman of 
with regard to assistance which it can 
d = give under its 1951 resolution 2.331 
—s and subsequent similar resolutions ; 5. That the Associations encourage their 
, that this committee function by members who may be visiting other 
Darvas correspondence for the next three countries to attend meetings of other 
tival of years and that Unesco consider the Associations for the Advancement of 
in the | desirability of calling a meeting of the Science. 
n Bank committee at that time ; 
th that authorised representatives of the §- That the possibility be explored of 
a oe various Associations attending annual holding joint and regional meetings 
eed to meetings of individual Associations in areas where language and cultural 
arrd take advantage of the occasion to developments are similar and _es- 
s of the discuss matters of common interest ; pecially where large national meetings 
an unlike the visitors mentioned in are not at present held. 
my of the recipient Association to whom ready encountered, Associations for 
oo their appointment will be notified in the Advancement of Science en- 
arties a writing deavour to set up national advisory 
a small ; Press Panels to which their press 
; inter- | 2, That Unesco make funds available would turn for information, advice 
. The from its budget, under resolution and comment on scientific matters. 
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